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LETTER  OF  TRANSMITTAL. 


TJ.  S.  Department  of  Aobioultube, 

BuKEAU  OF  Animal  Industry, 

Washington,  D.  C,  NovenriberS,  1909. 

Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  in  the  bulletin  series  of  this  Bureau  a  manuscript  entitled 
•'The  Need  of  Controlling  and  Standardizing  the  Manufacture  of 
Veterinary  Tetanus  Antitoxin/'  by  Dr.  John  R.  Mohler,  chief  of  the 
Pathological  Division  of  this  Bureau,  and  Dr.  Adolph  Eichhom, 
bacteriologist  in  that  division. 

The  investigation  reported  in  this  paper  was  undertaken  in  accord- 
ance with  the  act  of  Congress  making  appropriations  for  the  Depart- 
ment of  Agriculture  for  the  past  fiscal  year,  which  empowered  the 
Secretary  of  Agriculture  to  purchase  in  the  open  market  samples  of 
tuberculin,  serums,  antitoxins,  etc.,  designed  for  veterinary  use,  to 
test  the  same,  and  to  publish  the  results  of  such  tests.  This  act  does 
not,  however,  confer  any  authority  to  supervise  or  control  the  manu- 
facture of  these  products. 

It  has  become  known  in  the  veterinary  profession  that  tetanus 
antitoxin  for  veterinary  use — unlike  that  for  human  use,  which  is 
manufactured  under  stringent  government  supervision — is  urgently 
in  need  of  standardization.  Under  existing  conditions  the  veter- 
inarian and  the  stock  owner  are  at  the  mercy  of  the  manufacturers 
of  this  antitoxin,  some  of  whom  make  no  statement  as  to  the  strength 
of  their  product,  while  in  the  great  majority  of  the  cases  tested  in  the 
present  investigation  it  was  found  that  the  standard  was  not  reached 
and  many  of  the  samples  were  far  below  it. 

It  is  very  necessary  that  the  veterinarian  should  have  some  reliable 
assurance  of  the  strength  of  this  most  valuable  therapeutic  agent. 
There  is,  therefore,  pressing  need  for  legislation  empowering  the 
Secretary  of  Agriculture  to  supervise  and  control  the  manufacture 
of  veterinary  tetanus  antitoxins  and  to  prescribe  and  enforce  a 
proper  standard  of  potency.  Such  authority,  of  course,  would  be 
limited  to  products  manufactured  for  interstate  commerce  or  offered 
for  importation. 

Very  respectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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THE  NEED  OF   CONTROLLING  AND  STANDARDIZING 

THE  MANUFACTURE  OF  VETERINARY 

TETANUS  ANTITOXIN. 


INTBODUOnOK. 

Of  the  various  biological  products  prepared  for  the  cure  and  pre- 
vention of  infective  diseases  in  animab  tetanus  antitoxin  has  been 
probably  the  most  extensively  used  by  the  veterinary  profession. 
The  good  effects  which  were  expected  from  the  administration  of 
this  antitoxin  in  the  prophylactic  and  curative  treatment  of  tetanus 
have  not,  however,  been  all  that  could  be  desired,  and  it  is  surprising 
to  learn  of  the  divergent  results  which  are  obtained  from  its  use  by 
various  practitioners.  It  is  therefore  only  natural  that  tetanus  anti- 
toxin has  not  gained  the  favor  of  the  veterinarian  and  is  not  used  to 
the  extent  merited  by  such  a  valuable  product.  It  has  been  sug- 
gested that  the  lack  of  uniform  results  which  has  followed  the  admin- 
istration of  the  antitoxin  is  primarily  due  to  the  variation  in  the 
strength  of  the  product,  and  following  numerous  requests  from  dif- 
ferent sources  it  was  decided  to  imdertake  the  standardization  of 
veterinary  tetanus  antitoxins  prepared  by  different  manufacturers, 
and  also  to  determine  whether  these  products  are  subject  to  any 
variations  in  strength.  This  work  seemed  particularly  desirable  in 
view  of  the  address  of  Anderson  before  the  June  meeting  of  the 
American  Medical  Association,  in  which  he  stated  that  his  experi- 
ments showed  veterinary  tetanus  antitoxin  to  contain  as  low  as  17 
to  25  antitoxin  units  per  cubic  centimeter,  while  similar  examinations 
of  antitoxin  prepared  for  medical  use  contained  from  150  units  to 
600  or  even  700  units  per  cubic  centimeter. 

The  investigation  herein  recorded  was  carried  out  in  accordance 
with  an  act  of  Congress  making  appropriations  for  the  Department 
of  Agriculture  for  the  year  ending  June  30,  1909,  which  provides  as 
follows: 

That  the  Secretary  of  Agriculture  ia  authorized  to  purchase  ia  the  open  market 
aamples  of  all  tuberculin,  eeruma,  antitoxins,  or  analogous  products,  of  foreign  or 
domestic  manufacture,  which  are  sold  in  the  United  States  for  the  detection,  pre- 
vention, treatment,  or  cure  of  diseases  of  domestic  animals,  to  test  the  same,  and  to 
publish  the  results  of  said  tests  in  such  a  manner  as  he  may  deem  best. 
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It  should  be  noticed  that  while  power  has  been  granted  to  purchase, 
test,  and  publish  upon  these  products,  no  authority  has  been  given 
with  reference  to  the  supervision  and  control  of  their  manufacture. 
This  paper  is  presented  with  the  object  of  furnishing  some  concrete 
examples  of  the  variation  observed  in  tetanus  antitoxin  at  present  on 
the  market,  and  to  show  the  necessity  for  Federal  supervision  of  all 
vaccines,  serums,  antitoxins,  viruses,  and  analogous  products,  includ- 
ing mallein,  tuberculin,  anthrax  and  blackleg  vaccine,  and  hog-cholera 
serum. 

NATUBB  AND  CAUSE  OF  TETAKTJS. 

Tetanus  is  an  extremely  painful  disease  of  all  animals,  including 
man,  but  it  more  particularly  affects  the  horse,  ass,  and  mule.  It  is 
caused  by  the  BddUus  tetani.  This  organism  differs  from  other 
disease-producing  bacteria  in  the  fact  that  it  remains  locaUzed  at 
the  point  of  entrance  to  the  body,  which  is  usually  through  a  wound. 
Here  it  multiplies  and  produces  a  powerful  toxin  which  is  absorbed 
into  the  circulation  and,  by  acting  on  the  nervous  system,  gives  rise 
to  the  symptoms  of  the  disease.  From  this  it  will  be  seen  that 
tetanus  is  the  type  of  the  purely  toxic  disease  and  is  not  transmissible 
by  contact  unless  the  wound  containing  the  germ  is  discharging  pus 
or  blood,  as  may  be  the  case  in  tetanus  following  the  operation  of 
castration.  Neither  can  the  disease  be  transmitted  from  one  animal 
to  another  by  blood  inoculation,  because  no  bacilli  are  circulating  in 
the  blood.  The  bacillus  is  a  spore  former,  and  these  spores  are  very 
resistant  to  antiseptics.  It  can  live  outside  the  animal  body,  and  is 
quite  prevalent  in  garden  earth  and  in  the  neighborhood  of  manure 
piles.  It  is  an  anaerobic  organism  like  the  bacillus  of  blackleg,  and 
consequently  can  multiply  only  in  the  absence  of  oxygen.  Deep 
punctured  wounds  about  the  feet  and  legs  are  especially  serious,  as 
in  wounds  of  this  kind  the  bacilli  are  most  likely  to  be  implanted, 
and  once  they  have  gained  access  the  absence  of  oxygen  in  these 
deep  wounds  makes  the  conditions  favorable  for  their  growth.  The 
period  of  incubation  varies  from  a  few  days  to  two  weeks. 

The  symptoms  come  on  gradually.  There  is  stiffness  of  the  gait 
and  rigidity  of  the  muscles,  the  appearance  of  the  animal  somewhat 
resembling  a  horse  foundered  in  all  four  feet.  The  neck  is  rigid,  the 
head  extended,  and  the  tail  elevated  and  immovable.  The  charac- 
teristic symptom  of  tetanus  is  the  protrusion  of  the  nictitans  mem- 
brane over  the  eye  when  the  head  is  raised.  This  condition  is  due 
to  a  contraction  of  the  muscles  of  the  eyeball  drawing  it  back  into 
its  socket  and  forcing  out  the  nictitans  membrane.  There  is  no  other 
disease  in  which  this  condition  is  present.  The  animal  is  extremely 
nervous,  starts  at  the  slightest  sound,  loses  its  appetite,  and  sweats 


HISTOBY  OF   TETANUS  INVESTIGATIONS.  9 

freely.     There  is  a  spasmodic  contraction  of  certain  groups  of  mus- 
cles^ especially  those  of  the  jaw,  so  that  the  animal  is  unable  to  open 
its  mouth,  from  which  the  disease  derives  its  popular  name  of  lock- 
jaw.   The  malady  runs  an  irregular  course  and  death  may  occur  in  a 
few  days  or  the  affection  may  be  prolonged  over  two  or  three  weeks. 
Spontaneous  recovery  is  very  doubtful,  and  the  outlook  is  always 
grave.    The  mortaUty  for  some  classes  of  animals  has  been  given  as 
almost  100  per  cent,  while  about  75  per  cent  of  the  cases  in  horses 
terminate  fatally.     Unfortunately  the  disease  is  seldom  suspected 
until  a  relatively  large  amount  of  toxin  has  formed  and  begun  to 
manifest  its  action  in  the  patient's  body. 

HISTORICAL   STTIOCABY. 

Prior  to  the  discovery  of  the  cause  of  tetanus  there  were  various 
theories  advanced  regarding  the  character  of  the  disease.  One  of 
the  most  widely  accepted  views  was  that  tetanus,  since  it  generally 
develops  as  a  result  of  an  injury,  was  occasioned  by  the  tearing  or 
contusion  of  some  of  the  peripheral  nerves  and  as  a  consequence  the 
changes  produced  were  conveyed  to  the  spinal  cord.  On  the  other 
hand,  in  the  cases  where  no  injury  was  associated  with  the  disease  it 
was  thought  to  be  of  idiopathic  origin. 

With  the  discovery  of  the  tetanus  bacillus  by  Nicolaier  in  1884 
and  its  successful  cultivation  by  Kitasato  in  1889,  the  true  cause  of 
the  disease,  which  previously  had  been  involved  in  mystery,  was 
established.  Kitasato  in  his  investigations  also  found  that  the  or- 
ganism is  not  present  in  the  blood  of  animals  dying  of  the  affection, 
and  accordingly  he  concluded  that  the  fatal  results  were  produced 
by  an  intoxication  and  not  by  the  infection.  In  his  subsequent  work 
with  this  disease  he,  together  with  Von  Behring,  successfully  worked 
out  and  published  an  inmiunizing  method  in  1890. 

It  has  already  been  stated  that  in  tetanus,  unlike  most  of  the  other 
infectious  diseases,  the  organism  itself  does  not  exert  the  destructive 
influence,  only  the  toxins  of  the  organisms  being  responsible  for  the 
serious  results  of  the  disease.  The  tetanus  bacilli  therefore  produce 
a  specific  substance  which  has  the  toxic  effect.  Kitasato  came  to 
this  conclusion  in  the  course  of  his  experiment  when  he  succeeded  in 
producing  typical  cases  of  tetanus  in  mice,  guinea  pigs,  rabbits,  and 
other  animals  with  the  filtrate  obtained  by  filtering  tetanus  cultures 
through  porcelain  filters.  At  the  same  time  he  found  that  it  required 
only  a  remarkably  small  quantity  of  the  toxin  to  produce  tetanus 
with  a  fatal  termination  in  these  animals 

In  the  above-mentioned  epoch-making  work  of  Von  Behring  and 
Kitasato  they  attributed  the  established  immunity  to  the  effect  of 
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the  blood  serum,  which  rendered  harmless  the  toxic  substances  pro- 
duced by  the  tetanus  bacillus.  From  the  following  described  ex- 
periments they  obtained  results  demonstrating  that  the  serum  had 
an  enormous  power  of  destroying  the  poison: 

Of  a  tetanus  culture  10  days  old  which  was  freed  from  bacilli  by 
filtration,  0.00005  c.  c.  was  sufficient  to  kill  a  mouse  in  four  to  six 
days,  and  0.0001  c.  c.  was  sufficient  to  kill  a  mouse  with  certainty  in 
two  days.  However,  5  c.  c.  of  the  serum  from  the  tetanus-immun^ 
rabbits  were  mixed  with  1  c.  c.  of  this  culture  and  the  serum  was 
allowed  to  act  upon  it  for  twenty-four  hours.  Four  mice  were  each 
given  0.2  c.  c.  of  the  mixture,  which  contained  0.0033  c.  c.  of  the  cul- 
ture, or  more  than  300  times  the  dose  otherwise  fatal  for  mice.  All 
four  of  the  mice  remained  well.  The  control  mice,  on  the  other  hand, 
died  in  thirty-six  hours  after  having  received  0.0001  c.  c.  of  the 
fluid.  As  a  result  of  these  and  other  experiments  the  authors  drew 
the  following  conclusions: 

1.  The  blood  of  tetanvus-immune  rabbits  poBBeaees  the  property  of  destroying  the 
tetanus  poison. 

2.  This  property  is  destroyed  by  the  extra  vascular  blood  and  the  cell-free  serum 
obtained  from  it. 

3.  This  property  is  of  such  a  stable  nature  that  it  b  also  effective  in  the  bodies  of 
other  animals,  so  that  we  are  in  position  to  accomplish  noteworthy  therapeutic  results 
by  means  of  the  transfer  of  blood  serum. 

4.  The  property  of  destroying  the  tetanus  poison  is  absent  in  the  blood  of  animals 
which  have  not  been  immunized  against  tetanus.  If  tetanus  be  given  to  susceptible 
animals  the  toxin  may  be  demonstrated  in  the  blood  and  other  body  fluids  after  the 
death  of  the  animals. 

Tizzoni  and  Cattain  have  also  established  that  the  blood  of  artifi- 
cially inmiunized  pigeons  and  dogs  has  a  protective  action  on  mice  and 
rats  against  the  tetanus  toxin  (1  to  2  drops  of  the  dog  serum  made 
0.5  c.  c.  of  a  toxic  culture  filtrate  ineffective). 

With  these  wonderful  results  as  a  foundation,  the  serum  therapy 
of  tetanus  was  established. 

The  practical  application  of  this  method  was  inaugurated  after 
Schtitz  had  found  that  horses  and  sheep  can  also  be  successfully 
immunized  against  tetanus  and  that  they  produce  an  active  immu- 
nizing serum.  Horses  are  now  exclusively  used  for  the  production 
of  tetanus  antitoxin,  as  large  quantities  of  blood  may  be  drawn  from 
an  inmiunized  horse,  which  constitutes  a  great  advantage  in  the 
manufacturing  of  this  product  for  the  market. 

The  immunizing  serum  is  prepared  according  to  Von  Behring's 
method  in  the  following  way:  Of  200  c.  c.  of  a  virulent  bouillon 
culture,  of  which  0.75  c.  c.  kills  a  rabbit  in  three  to  four  days,  80  c.  c. 
is  mixed  with  sufficient  trichlorid  of  iodin  to  make  a  0.25  per  cent 
solution;  similarly,  60  c.  c.  is  mixed  with  enough  to  make  a  0.175 
per  cent  solution,  and  40  c.  c.  with  sufficient  to  make  a  0.125  per 
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cent  solution,  while  the  remaining  20  c.  c.  of  the  culture  is  left  without 
any  addition.  The  horse  is  then  injected  every  eight  days,  com- 
mencing with  10  to  20  c.  c.  of  the  greatest  dilution  and  continuing 
successively  with  the  weaker  attenuations  of  the  culture.  Finally 
the  pure  culture  is  injected,  commencing  with  0.5  c.  c.  and  doubling 
the  dose  every  five  days,  until  no  reaction  to  the  culture  is  manifested 
and  the  blood  shows  the  highest  number  of  immunity  units  obtainable 
from  that  individual  animal. 

MODE   OF   ACTION   OF  TETANUS   TOXIN. 

The  highly  poisonous  qualities  of  this  toxin  and  the  fact  that  the 
oiganism  causing  the  disease  acts  only  through  the  generated  toxin 
induced  a  greater  number  of  investigators  to  carry  out  various 
investigations  in  connection  therewith.  The  tetanus  bacillus,  it  will 
be  remembered,  does  not  enter  the  general  organism,  but  remains  at 
the  point  of  entrance  (wounds)  and  only  exerts  its  destructive  effect 
through  the  action  of  the  toxins  which  it  eliminates.  From  the  place 
of  infection  the  toxin  is  conveyed  principally  by  the  nerves  to  the 
central  nervous  system,  and  here  is  its  point  of  attack.  The  central 
nervous  system,  and  especially  the  spinal  cord,  is  first  affected  by 
the  toxin,  and  all  functional  manifestations  of  the  intoxication,  as 
well  as  the  increased  reflex  irritability,  such  as  the  tonic  spasms  of 
the  muscles,  are  the  result  of  the  poisoning  of  the  nerve  cells  of  the 
spinal  cord.  That  the  muscle  itself  is  not  directly  influenced  in  its 
function  by  the  tetanic  poison  is  no  longer  doubted  by  pathologists. 

The  tetanus  toxin  is  taken  up  by  the  peripheral  nerve  endings  and 
is  then  conducted  by  the  nerves  to  the  medullary  centers,  where  it 
combines  with  the  motor  nerve  cells.  The  poisoning  of  these  cells 
then  produces  the  tonic  muscular  spasms  as  well  as  the  reflex  irrita- 
bility (Meyer  and  Ransom,  Bruschettini,  Stinzing,  Von  Behring,  and 
others). 

The  mode  of  action  of  the  tetanus  toxin  is  explained  by  Ehrlich's 
side-chain  theory  in  the  following  way:  Every  toxin  molecule  con- 
sists of  a  nonpoisonous  (haptophore)  and  a  poisonous  (toxaphore) 
atom  group.  On  the  other  hand,  the  protoplasm  of  the  motor 
nerve  cells  consists  of  a  vital  nucleus  and  of  numerous  side  chains 
(receptors),  of  which  some  possess  a  special  affinity  toward  the 
haptophore  atom  groups  of  the  toxin  molecules.  If  molecules  of  the 
tetanus  poison  enter  the  nerve  cells,  they  become  anchored  to  the 
corresponding  receptors  of  the  cell  protoplasm  by  the  haptophore 
atom  group,  and  their  toxophore  group  exerts  a  harmful  effect  on 
the  vital  nucleus  of  the  cell.  There  follows  either  a  total  destruction 
of  the  cell  protoplasm  as  a  result  of  this  combination  or  a  stimulation 
of  the  cell  protoplasm  to  defensive  action  which  is  manifested  by  the 
continual  production  and  efimination  of  the  receptors  into  the  blood. 
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The  presence  of  these  free  receptors  m  the  blood  of  immunized  ani- 
mals explains  the  antitoxic  immunity,  since  these  receptors  are  enabled 
to  combine  with  the  haptophore  atom  of  the  toxin  molecide  before 
it  has  had  an  opportunity  to  attack  the  cell  protoplasm. 

The  tetanus  toxin,  according  to  Ehrlich,  contains  at  least  two 
poisons,  the  tetano-lysin  and  the  tetano-spasmin.  He  showed  that 
on  the  relative  proportions  of  these  poisons  depends  whether  the 
toxin  has  stronger  tetanic  properties  and  a  weaker  hemolytic  action, 
or  vice  versa. 

TOXICITY  OF  TETANUS   TOXIN, 

Testing  the  tetanus  toxin  for  its  virulence,  Eitasato  found  that 
0.0002  c.  c.  of  the  filtrate  of  a  tetanus  culture  proved  fatal  to  a 
mouse,  while  0.002  c.  c.  killed  a  guinea  pig  weighing  560  grains. 
A  rabbit,  on  the  other  hand,  required  relatively  double  the  quantity 
of  the  mouse  and  almost  seven  times  as  much  as  the  guinea  pig,  since 
it  required  0.04  c.  c.  of  the  filtrate  to  kill  a  rabbit  weighing  1,490 
grains.  Accordingly,  of  these  three  species  of  experimental  animals 
the  guinea  pigs  are  the  most  susceptible  to  tetanus  toxin,  mice 
coming  next  and  rabbits  last.  Of  aU  animals  the  horse  is  probably 
the  most  susceptible  to  this  toxin. 

The  remarkable  poisoning  qualities  of  tetanus  toxin  can  be  seen 
from  the  findings  of  Briszer  and  Cohn;  0.00000005  gram  of  their 
strongest  tetanus  toxin  killed  mice  weighing  15  grams.  Smaller 
doses^  as  0.00000001  gram,  caused  tetanic  symptoms  in  mice.  The 
minimal  lethal  dose  (MLD)  of  the  standard  tetanus  toxin  of  the 
Hygienic  Laboratory  of  the  United  States  Public  Health  and  Marine- 
Hospital  Service  is  0.000006  gram  for  a  guinea  pi^  weighing  350 
grams. 

STABILITY  OF  TETANUS   TOXIN. 

Kitasato  was  the  first  to  make  extensive  tests  on  the  stability  of 
the  tetanus  toxin,  and  while  other  investigators  have  sinc«  under- 
taken similar  work  with  it  the  results  they  have  obtained  merely 
confirmed  the  findings  of  Kitasato. 

In  experimenting  upon  the  effect  of  physical  influences  on  the  fil- 
trate, Eatasato  found  that  tetanus  toxin  is  quite  susceptible  to  heat. 
Subjected  to  65°  C.  and  above,  it  is  totally  destroyed  in  five  minutes, 
while  it  resists  60°  for  fifteen  .minutes,  but  twenty  minutes'  expos- 
ure to  this  temperature  destroys  it.  The  drying  of  the  filtrate  does 
not  necessarily  destroy  its  virulence.  However,  a  great  deal  depends 
upon  the  method  of  drying,  as  for  instance,  if  dried  in  the  incubator  it 
is  entirely  destroyed,  while  if  dried  in  the  exsiccator  over  sulphuric  acid 
or  in  the  air  at  room  temperature  it  retains  its  virulence.  Exposure 
of  the  filtrate  to  diffused  light  showed  a  gradual  diminishing  effect 
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upon  its  toxic  action;  however,  it  requires  a  long  time  before  its 
virulence  is  entirely  destroyed,  as  the  filtrate  which  had  been  exposed 
for  mne  to  ten  weeks  to  the  diffused  light  in  the  window  still  had  toxic 
effects  in  large  doses.  On  the  other  hand,  the  filtrate  retains  its 
virulence  for  a  very  long  period  if  kept  cold  in  a  dark  room,  since  it 
did  not  lose  any  of  its  virulence  after  three  himdred  days  under  such 
conditions.  Exposure  of  the  filtrate  to  direct  sunlight  proved  that 
it  is  entirely  destroyed  only  after  fifteen  to  eighteen  hours,  while 
action  of  the  filtrate.  Dilutions  of  the  filtrate  with  water  or  bouillon 
shorter  exposure  showed  a  corresponding  diminution  of  the  toxic 
does  not  influence  the  virulence  of  the  tetanus  poison. 

Of  the  chemical  influences  on  the  filtrate  Kitasato  found  that 
tetanus  toxin  is  very  susceptible  to  the  action  of  acids  (especially 
mineral  acids)  as  well  as  alkalies. 

Practically  the  same  results  were  obtained  by  Rosenau  and  Ander- 
son regarding  the  stability  of  the  tetanus  toxin,  and  as  a  result  of 
their  extensive  investigation  with  the  dried  toxin  they  found  that 
it  not  only  retains  its  virulence  when  kept  in  a  cold,  dark  place,  but 
loses  its  toxicity  quite  slowly  when  exposed  to  light,  heat,  and  other 
influences.  One*  sealed  tube  sent  from  Washington  to  Manila  by 
mail  arrived  there  without  appreciable  loss  of  toxicity.  The  sta- 
bility of  the  dried  toxin  is  of  great  advantage  in  the  work  of  stand- 
ardization of  the  antitoxins,  as  it  assures  accurate  work  and  also  sim- 
plifies and  expedites  the  tests. 

THE  STANDARDIZATION  OF  TETANUS   ANTITOXIN. 

EUROPEAN    METHODS. 

With  the  establishment  of  the  principles  of  immunizing  against 
tetanus  by  Von  Behring  and  Kitasato,  it  became  necessary  to  adopt 
a  method  by  which  the  potency  of  the  antitoxin  could  be  accurately 
determined.  In  Germany  the  testing  of  the  tetanus  antitoxin  is 
carried  out  in  accordance  with  the  Von  Behring  method,  which  pro- 
vides that  normal  serum  shall  be  a  serum  of  which  0.1  c.  c:  renders 
ineffective  0.03  gram  of  normal  toxin.  This  normal  or  test  toxin  is 
a  dried  toxin,  1  gram  of  which  has  a  virulence  capable  of  killing 
10,000,000  mice  each  weighing  15  grams.  The  ItaUan  method  of 
standardizing  tetanus  antitoxin  is  based  on  the  work  of  Tizzoni  and 
Cattain.  The  toxin  unit,  according  to  this  method,  is  the  smallest 
amount  of  toxin  which  will  kill  a  rabbit  weighing  1  kilogram  in  from 
four  to  five  days  The  Tizzoni  antitoxin  contains  80,000  immunity 
units  in  every  cubic  centimeter;  in  other  words,  this  amount  of  anti- 
toxin will  neutralize  80,000  toxin  units. 

The  French  method  of  standardizing  tetanus  antitoxin  is  carried 
out  by  the  subcutaneous  inoculation  of  a  series  of  guinea  pigs  with 
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quantities  of  serum  equal  to  soo'odo,  KrffioTiOj  uffiuirff,  etc.,  of  their 
weight.  Twenty  hours  later  these  test  animals  are  given  a  single 
fatal  dose  of  toxin  and  the  immunizing  power  of  the  serum  is  then 
considered  to  be  jj^-^nw^  or  TTrirJinnrj  ©tc.,  dependent  upon  whether 
the  animal  receiving  this  proportional  weight  of  serum  has  survived 
the  toxin  which  proved  fatal  to  the  control  guinea  pig. 

THE   AMERICAN    METHOD   OF  STANDARDIZATION. 

The  method  of  standardization  which  was  carried  out  in  connection 
with  the  testing  of  the  veterinary  antitoxins  as  reported  in  this  paper 
followed  the  exact  lines  of  the  method  known  as  the  American 
method,  which  has  been  adopted  officially  under  the  biological 
product  act  of  July  1,  1902. 

This  method,  which  is  the  result  of  several  years'  work  on  tliis  sub- 
ject in  the  Hygienic  Laboratory,  is  a  highly  creditable  achievement 
by  Rosenau  and  Anderson,^  as  it  not  only  simpUfies  the  standardi- 
zation of  this  valuable  serum,  but  is  also  perfectly  reliable  in  its  accu- 
racy. The  method  was  also  unanimously  adopted  by  the  Society  of 
American  Bacteriologists  subsequent  to  the  following  report  made 
by  a  special  committee : 

That  tetanus  antitoxin  be  standardized  by  the  tetanus  toxin  furnished  by  the  Public 

Health  and  Marine-Hospital  Service.    The  unit  is  ten  times  the  least  amount  of  serum 

necessary  to  save  the  life  of  a  350-gTam  guinea  pig  for  ninety-six  hours  against  the 

official  test  dose  of  the  standard  toxin.    The  test  dose  is  100  minimal  lethal  doses  of  a 

precipitated  toxin  preserved  under  special  conditions  at  the  Hygienic  Laboratory  of 

the  Public  Health  and  Marine-Hospital  Service.    It  was  decided  that  the  minimal 

immunizing  dose  for  a  case  of  possible  infection  through  a  wound  should  be  1,500  of 

such  units.    It  was  decided  that  after  April  1  the  new  unit  should  be  adopted  by  all 

producers  of  tetanus  antitoxin. 

J.  J.  KiNYOUN,  Chairman. 

Herbert  D.  Pease, 

Joseph  McFarland, 

Theobald  Smfth, 

E.  M.  Houghton, 

M.  J.  Rosenau, 

William  H.  Park,  Secretary, 

In  this  method  the  immunity  unit  for  measuring  the  strength  of 
tetanus  antitoxin  is  fixed  so  that  it  shall  be  ten  times  the  least  quan- 
tity of  antitoxin  serum  necessary  to  save  the  life  of  a  350-gram  guinea 
pig  for  ninety-six  hours  against  the  oflBcial  test  dose  of  a  standard 
toxin  furnished  by  the  Hygienic  Laboratory  of  the  Pubhc  Health 
and  Marine-Hospital  Service. 

Thus  it  is  required  from  the  manufacturers  of  the  ''human"  tetanus 
antitoxin  to  state  the  number  of  units  their  products  contain,  which 

a  Rosenau  and  Anderson.  The  standardization  of  tetanus  antitoxin.  Bulletin  43, 
Hygienic  Laboratory,  U.  S.  Public  Health  and  Marine-Hospital  Service.  Wash- 
ington, 1908. 
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not  only  insures  serum  of  reliable  strength,  but  also  establishes  a 
uniformity  among  the  producers  of  tetanus  antitoxin  in  America.  On 
the  other  hand,  the  antitoxins  destined  for  '^ veterinary"  use  are  still 
under  no  control  whatsoever;  there  is  no  uniformity  in  the  method  of 
standardization,  and  the  potency  of  the  product  is  absolutely  left  to 
the  honesty  of  the  manufacturer.  This  state  of  affairs  of  course  does 
not  assure  the  veterinarian  of  any  uniformity  of  the  product  even  of 
the  same  manufacturer,  still  less  of  different  manufacturers.  Only 
one  of  the  different  veterinary  tetanus  antitoxins  on  the  market  states 
the  number  of  American  units  the  immunizing  or  curative  dose  con- 
tains. The  others  fail  to  make  any  declaration,  and  in  one  case  the 
number  of  units  is  given  in  the  hundred  thousands,  whereas  the  human 
antitoxin  of  the  same  firm  of  course  complies  with  the  requirements 
of  the  law,  stating  definitely  the  number  of  American  units  that  par- 
ticular antitoxin  contains.  These  conditions  alone  should  suffice  to 
point  out  the  necessity  for  supervision  of  this  veterinary  product  and 
the  establishment  of  uniformity  among  the  producers  of  veterinary 
antitoxin.  It  is  very  essential  that  the  veterinarian  should  have  some 
assurance  of  the  strength  of  the  antitoxin  upon  which  his  standing  as 
a  professional  man  may  depend. 

EXAMINATION  OF  COMMEBCIAL  VBTEBINABY  ANTITOXINS. 

The  samples  of  tetanus  antitoxin  (veterinary)  which  were  stand- 
ardized in  connection  with  this  work  were  obtained  from  various  drug 
stores  in  Chicago,  New  York,  and  Washington.  They  were  kept  at  a 
temperature  from  50°  to  60°  C.  until  the  tests  were  made,  care  being 
taken  not  to  expose  them  to  any  condition  which  might  affect  the 
potency  of  the  antitoxin. 

The  toxin  was  obtained  from  the  Hygienic  Laboratory  of  the  Public 
Health  and  Marine-Hospital  Service  through  the  courtesy  of  Surgeon- 
General  Walter  Wyman,  and  represented  the  dried  standard  toxin 
which  is  used  in  the  standardization  of  tetanus  antitoxin  in  the 
Hygienic  Laboratory  and  furnished  to  the  manufacturers  of  anti- 
toxin. In  the  determination  of  the  value  of  the  antitoxin  the  L-h 
dose  is  the  test  dose  of  the  toxin.  The  L+  dose  is  the  smallest 
quantity  of  tetanus  toxin  that  will  neutralize  one-tenth  of  an  immu- 
nity unit,  plus  a  quantity  of  toxin  sufficient  to  kill  an  animal  in  just 
four  days.  The  L-f-  dose  of  the  toxin  which  was  used  in  these  tests 
contained  100  minimal  lethal  doses  (MLD)  for  a  350-gram  guinea  pig. 
The  toxin  was  kept  in  a  dark,  cold  place  and  during  the  course  of 
these  tests  its  virulence  was  controlled  by  repeated  tests  with  an 
antitoxin  of  known  value. 

The  guinea  pigs  used  in  connection  with  this  standardization  were 
carefully  selected,  being  vigorously  healthy  animals  of  from  350  to 
370  grains  in  weight.     The  glassware  employed  in  the  work  was 
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selected  according  to  the  recommendation  of  Rosenau,  and  was  not 
used  for  any  other  purpose.  The  mixing  cylinders  and  mixing  flasks 
were  the  kind  designed  by  Rosenau.  Ehrlich's  delivery  pipettes 
graduated  into  hundredths,  as  well  as  special  delivery  and  capacity 
pipettes,  were  used.  The  syringes  employed  were  a  modification  of 
the  old  Koch  syringe,  in  which  the  barrel  tapers  gradually  to  the 
needle,  so  that  the  last  drop  runs  out  readily. 

The  necessary  measures  against  bacterial  contamination  were  taken 
during  the  execution  of  the  work.  All  the  glassware  was  first  ren- 
dered chemically  clean  and  then  sterilized  for  one  hour  at  120°  C. 
All  the  various  steps  in  the  procedure  were  followed  carefully  in  order 
that  the  results  would  be  accurate  and  reliable.  The  method  of  the 
standardization  was  executed  in  every  particular  as  described  by 
Rosenau  and  Anderson  in  Bulletin  43  of  the  Hygienic  Laboratory. 

The  number  of  immunity  units  contained  in  a  cubic  centimeter  of 
serum  is  determined  by  the  quantity  of  antitoxin  which  saved  the 
life  of  a  guinea  pig  for  ninety-six  hours  against  the  official  test  dose 
of  the  toxin.  This  quantity  of  antitoxin  represents  one-tenth  of  an 
immunity  unit.  For  instance,  if  a  guinea  pig  receiviog  0.0015  c.  c. 
of  the  antitoxin  with  the  official  test  dose  of  toxin  is  saved  for  ninety- 
six  hours,  this  quantity  of  antitoxin  contains  one-tenth  of  an  immu- 
nity unit.  Accordingly,  the  following  equation  is  represented: 
0.0015  :0.1  : :  1  rx,  which  indicates  that  1  cubic  centimeter  of  the 
serum  contains  66  units. 

In  the  following  tables  are  given  the  results  of  the  standardization 
obtained  from  the  tests  of  the  various  samples  of  veterinary  tetanus 
antitoxin  examined  in  this  laboratory: 

Table  1. — //.  K.  Mtdford  Company^ s  Tetanus  Antitoxin  Serum  for  veterinary  usf. 
Immunizing  dose,  labeled  to  contain  500,000  units.  To  be  exchanged  after  May  i,  1910. 
Laboratory  A^o.  2960.    Syringe  contained  7.6  c.  c. 


No.  of 
guinea 

pig- 


Subcutaneous  In- 
jection. 


Toxin. 


c.  c. 

1 1      0.0006 

2 .0006 

3 0006 

i 0006 

5 0006 

6 0006 

7 .0006 

8 0006 

9 0006 


Anti- 
toxin. 


c.  c. 

0.0010 
.0011 
.0012 
.0013 
.0014 
.0015 
.0020 
.0025 
.0030 


1 

Antitoxin  units. 

Time  of  death  or  effect  of  Injection. 

Number 
per  cubic 
centi- 
meter. 

Total 
number 

in 
syringe. 

1  day,  20  hours. 
1  1  day,  26  hours. 
3  days,  19  hours. 
5  davs,  22  hours 

81 

615 

Symptoms. 

1  No  symptoms. 

Do. 

Do. 

Do. 

I 
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Table  2. — Parhe,  Davis  dc  Co.^a  Antitetanie  Serum  (veterinary).     To  be  exchanged  of ier 
November  24*  1910.     Unit  value  not  stated.    Syringe  contained  10  c.  c. 


No.  of 

guinea 

pic- 

Babcntaneoiu  in- 
jection. 

Time  of  death  or  effect  of  Injection. 

Antitoxin  unlta. 

Toztn. 

Anti- 
toxin. 

Number 
per  cubic 
centi- 
meter. 

125 

Total 
number 

in 
syringe. 

1 

2 

3 

e.e. 

a0006 
.0006 
.0006 
.0006 
.0006 
.0006 
.0006 
.0006 
.0006 

e.e. 

a0006 
.0007 
.0006 
.0009 
.0010 
.0015 
.0020 
.0025 
.0030 

1  day,  12  hours. 

3  days,  7  hours. 

4  days,  12  hours 

1,260 

A 

5 

6 

7 

8 

9 

Symptoms. 
Slight  symptoms. 
No  symptonu. 

Do. 

Do. 

Do. 

Table  3. — H.  K.  Mulford  Company*s  Tetanus  Antitoxin  Serum  far  veterinary  use. 
Immunizing  dose^  labeled  to  contain  500,000  units.  To  be  exchanged  May  15,  1910. 
Laboratory  No.  2960.    Syringe  contained  7.5  c.  c. 


No.  of 
guinea 

pig. 

Subcutaneous  in- 
jection. 

Time  of  death  or  effect  of  Injection. 

Antitoxin  units. 

Toxin. 

Anti- 
toxin. 

Number 
per  cubic 
centi- 
meter. 

Total 
number 

in 
syringe. 

1 

2 

e.e. 

a0006 
.0006 
.0006 
.0006 
.0006 

e.  c. 

a  0010 
.0013 
.0016 
.0019 
.0022 

2  days,  12  hours. 

4  days.  7  houn 

81 

607 

3 

4 

5 

6  days,  8  hours. 
Slight  symptoms. 
No  symptoms 

Table  4. — Pasteur  Laboratories ,  Paris,  France,  Antitetanie  Serum  for  veterinary  use. 

Unit  value  not  stated.    Bottle  coTitained  10  c.  c. 


No.  of 

guinea 

pig. 

Subcutaneous  in- 
jection. 

• 

Time  of  death  or  effect  of  Injection. 

Antitoxin  units. 

Toxin. 

Anti- 
toxin. 

Number 
per  cubic 
centi- 
meter. 

Total 
number 

in 
bottle. 

1 

c,  c. 

a0006 
.0006 
.0006 
.0006 
.0006 

e.e. 

a  0010 
.0013 
.0016 
.(NM9 
.0022 

4  days.  2  hours 

100 

1,000 

2 

3 

4 

6 

Slight  symptoms. 
No  symptoms. 

Do! 
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Table  5. — Lederle  Antitoxin  Laboratories^  Tetania  Antitoxin  (veterinary).  TmmuniZ' 
ing  dose,  labeled  to  contain  1,500  units.  Laboratory  No.  19 A.  To  he  exchanged  June 
£1, 1910,    Syringe  contained  10.4  c  c. 


No.  of 

guinea 

pig. 

Subcutaneous  in- 
jection. 

Time  of  death  or  effect  of  injection. 

Antitoxin  units. 

Toxin. 

Anti- 
toxin. 

Number 
per  cubic 
centi- 
meter. 

Total 
number 

in 
syringe. 

1 

2 

3 

e.  c. 

a0006 
.0006 
.0006 
.0006 
.0006 

e.  e. 

aoooss 

.00050 
.00065 
.00060 
.00085 

1  day,  18  hours. 
1  day,  15  houn. 
A  days,  3  hours .....      

154 

1,001 

4 

5 

Symptoms. 
No  symptoms. 

Table  6. — Parke,  Davis  ds  Co*s  Antitetanic  Serum  (veterinary).     To  he  exdianged  after 
December  8, 1910.     Unit  value  Jiot  stated.    Syringe  contained  10  c.  c. 


No.  of 
guinea 

Pi«- 

Subcutaneous  in- 
jection. 

Time  of  death  or  effect  of  injection. 

Antitoxin  units. 

Toxin. 

Anti- 
toxin. 

Number 
per  cubic 
centi- 
meter. 

Total 
number 

in 
syringe. 

1 

2 

c.  c. 

a0006 
.0006 
.0006 
.0006 
.0006 

c.  e. 
a0005 
.0006 

.0011 
.0014 
.0017 

3  days,  1  hour. 

5  days.  20  hours 

126 

1,250 

3 

4 

5 

No  symptoms. 
Da 

Table  7. — Parke,  Davis  de  Co*s  Antitetanic  Serum  (veterinary).     To  he  exchanged  after 
December  8,  1910.     Unit  value  not  stated.    Syringe  contained  10  c.  c. 


No.  of 
guinea 

pig. 

Subcutaneous  in- 
jection. 

Time  of  death  or  effect  of  injection. 

Antitoxin  units. 

Toxin. 

Anti- 
toxin. 

Number 
per  cubic 
centi- 
meter. 

Total 
number 

in 
syringe. 

1 

2 

c.  c. 

a0006 
.0006 
.0006 
.0006 
.0006 

c.  c. 

aooo5 

.0008 
.0011 
.0014 
.0017 

2  days,  21  hours. 

flyrnptam^ .  , ,    .    , . .    

125 

1,250 

3 

4 

5 

Slight  s>'mptoms. 
No  symptonu. 
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Table  S. — Parhe,  Davis  dk  W$  AntiUtanic  Serum  (veterinary).     To  be  exchanged  after 
January  14, 1911.     Unit  value  not  stated.    Syringe  contained  10  e.e. 


No.  of 

guinea 

pig. 

Bnbcutaneom  In- 
jection. 

Time  of  death  or  effect  of  Iqjectlon. 

Antitoxin  units. 

Toxin. 

Anti- 
toxin. 

Number 
per  cubic 
centi- 
meter. 

100 

Total 
number 

In 
syringe. 

1 

c.e. 

aO006 
.0006 
.0006 

.UUU6 
.0006 

c.  e. 

a  0010 

.0014 
.0018 
.0022 
.0026 

4  4aTif.  fihonm. 

1,000 

2 

3 

4 

5 

SUsnt  symptomB. 
NoBvmptoina. 

Do! 

Table  9. — H.  K.  MuLford  Company^  Tetanus  Antitoxin  Serum  for  veterinary  use.  Im- 
munizing dose,  labeled  to  contain  SOOfiOO  units.  To  be  exchanged  after  May  15,  1910. 
Laboratory  No.  £971.    Syringe  contained  8  c.  c. 


No.  of 
Kulofft 

I*. 

Subcutaneous  In- 
jection. 

Time  of  death  or  effect  of  Injection. 

Antitoxin  units. 

Toxin. 

Anti- 
toxin. 

Number 
per  cubic 
centi- 
meter. 

Total 
number 

in 
syringe. 

1 

2 

3 

4 

e.  e. 

aoooe 

.0006 
.(XI06 
.0006 
.0006 

e.  c. 

a0006 
.0011 
.0014 
.0017 
.0020 

2  days,  1  hour. 

2  days,  18  hours. 

2  days,  23  hours. 

6  days.  4  hours 

fiO 

472 

5 

Slight  sjrmptoms. 

Table  10. — Pasteur  Laboratories^  Paris,  France,  Antitetanic  Serum  for  veterinary  um. 

Unit  value  not  stated.    Bottle  contained  10  c.  c. 


No.  of 

guinea 

Subcutaneous  In- 
jection. 

Time  of  death  or  effect  of  Injection. 

Antitoxin  units. 

Toxin. 

Anti- 
toxin. 

Number 
per  cubic 
centi- 
meter. 

Total 
number 

In 
bottle. 

1 

2 ' 

e.  c. 

a0006 
.0006 
.0006 

.0006 
.0006 

e.  c. 

a0006 
.000l» 
.0012 
.0015 
.0018 

2  days,  20  hours. 

6  days.  7  hours 

Ill 

1,110 

3 

4 

5 

Symptoms. 
NO  symptoms. 
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Table  11. — Pasteur  Laboratone$,  PariSy  Frcnee,  ArUiltianie  Sentmfor  veUnmary  tue. 

Unit  value  not  stated.    Bottle  contained  10  e.  c. 


No.  of 
golnca 

pic- 

SubcntuMoos  bi- 
JectkKL 

Ttane  of  dcmth  or  efltet  of  inieetloii. 

Toxin. 

aono6 

.0006 

Anti- 
toxin. 

Number 

per  cable 

cratl- 

meter. 

Total 
number 

in 
bottle. 

1 

2 

C.C. 

aoooso 

.00065 

3  days,  6  boon. 

4  daFit.  IH  h««f« 

1 
153  i           1.530 

3 

4 

5 

.0006 

.0006 
.(XXK 

.00060 

.00tt» 
.00110 

No  symptoms. 
Da 

Table  12. — H.  K.  Mulford  Company^s  Tf tonus  Antitoxin  Seruvn  for  veterinary  use. 
Immunizing  dose,  labeled  to  contain  500,000  units.  To  be  exchanged  after  May  1, 1910. 
Laboratory  No.  £,960.    Syringe  contained  7.5  c.  c. 


Subcutaneous  In- 
jection. 


No.  of 

— 

— 

guinea; 

P*«-    ! 

Toxin. 

Anti- 
toxin. 

e.  e. 

c.  e. 

1 

a0006 

0.0007 

2 

.0006 

.0010 

3 

.0006 

.0013 

4 

.0006 

.0016 

5 

.0006 

.0019 

Antitoxin  units. 


Time  of  death  or  effect  of  Injection. 


Number      Total 
per  cubic    number 
centi-  in 

meter.    .  syringe. 


1  day  14  hours. 
3  days  7  hours. 

Symptoms 

No  symptoms. 
t>o. 


eo7 


Table  13. — Lederle  Antitorin  Laboratories ,  Tetanus  Antitoiin  (reterinary).  Tmrnuniz- 
ingdose,  labeled  to  contain  1,500  units.  Laboratory  No.  19 A.  To  be  exchanged  Juru 
f /,  1910.    Syringe  contained  8.5  c.  c. 


No.  of 

guinea 

pig- 


1. 
2. 
3. 
4. 
6. 


Subcutaneous  in- 
jection. 


Toxin. 


Anti- 
toxin. 


Time  of  death  or  effect  of  injection. 


e.  c.  c.  e. 

Q.  0006  0. 00024      '•  1  day  16  hours. 

.  0006     .  0003333  ■  2  days  22  hours. 

.0006     .00043  Symptoms 

.0006     .00063      ;  >fo  symptoms. 

.0006  •  .00060  Do. 


Antitoxin  units. 


Number  ,    Total 
per  cubic    number 
centi-  in 

meter.       syringe. 


232 


1,972 
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Table  14. — Pasteur  Laboratories,  Paris.  France,  Antitetanic  Serum  for  veterinary  use. 

Unit  value  not  stated.    Bottle  contained  10  c.  c. 


No.  of 

SabcataiMoas  In- 
JeotioD. 

Time  of  deatb  or  effect  of  tpjection. 

Antitoxin  units. 

Toxin. 

Anti- 
toxin. 

Number 
per  cubic 
centi- 
meter. 

Total 
number 

in 
bottle. 

1 

3 

0l0006 
.0006 

.(MX» 
.0006 
.0006 

c.  c. 
a00036 
.00060 
.00065 
.00060 
.00006 

1  day  14  houn. 

2  days  20  hours. 

4  daTS  5  boon 

153 

1,530 

4 

5 

4  days  16  houxB. 
Slight  symptoms. 

The  results  of  these  tests  clearly  demonstrate  the  variations  in  the 
potency  of  veterinary  tetanus  antitoxins  at  present  on  the  market. 
While  the  preparations  of  the  individual  manufacturers  do  not  show 
such  marked  differences  in  strength,  yet  they  do  not  uniformly  con- 
tain a  sufficient  number  of  units. 

In  accordance  with  the  law  of  1902,  the  manufacturers  of  human 
antitoxins  are  required  to  state  on  the  labels  of  the  packages  the 
number  of  units  that  the  particular  antitoxin  possesses.  Should  it 
be  found  on  investigation  that  the  antitoxin  does  not  come  to  within 
10  per  cent  of  the  strength  stated  on  the  labels,  the  manufacturer  is 
immediately  required  to  recall  from  the  market  all  that  particular 
antitoxin.  Thus,  if  a  physician  intends  to  use  the  antitoxin  either 
for  inununizing  purposes  or  as  a  curative  agent,  he  is  accurately 
guided  in  the  dose  by  the  statement  on  the  label.  It  does  not  mat- 
ter who  the  manufacturer  of  the  antitoxin  is.  This  latter  fact  is 
in  itself  also  of  great  importance,  as  frequently  the  drug  stores  carry 
antitoxins  of  only  one  or  two  manufacturers. 

On  the  other  hand,  the  veterinarian  has  not  always  the  good  for- 
tune of  knowing  the  number  of  units  that  an  antitoxin  which  he 
purchases  contains.  Only  one  of  the  manufacturers  states  on  the 
label  the  number  of  American  units  contained  in  his  veterinary  anti- 
toxin. One  other  manufacturer  still  uses  for  his  veterinary  antitoxin 
a  standardization — other  than  American — by  which  he  can  label  his 
product  in  the  hundred  thousands,  yet  his  antitoxin  for  the  human 
gives  the  units  in  the  American  standard.  Why  should  two  different 
standards  be  maintained,  one  for  the  human  and  the  other  for  veter- 
inary antitoxin? 

The  veterinary  tetanus  antitoxins  are  marketed  in  immunizing 
doses  and  <yirative  doses.  The  immunizing  dose  is  supposed  to  con- 
tain 1,600  American  units.  The  volimietric  quantity  of  this  dose 
was  found  to  be  accurately  10  c.  c.  in  the  Parke,  Davis  &  Co.  and  the 
Pasteur  product,  while  the  Lederle  serum  contained  from  8.5  c.  c. 
to  10.4  c.  c.  and  the  Mulford  syringe  from  7.6  to  8  c.  c.    Now,  should 


22  VETEBINABY  TETANUS  ANTITOXIN. 

it  be  desired  to  administer  to  a  horse  an  immunizing  dose  of  the 
antitoxin  it  can  readily  be  seen  from  the  results  obtained  in  these 
testS;  as  indicated  by  the  tables,  that  while  the  immunizing  dose  of 
some  of  the  serums  contains  the  desired  1,500  units,  others,  on  the 
other  hand,  possess  less  than  one-third  of  that  strength.  For  instance, 
according  to  the  test  shown  by  Table  9,  the  syringe  contained  8  c.  c. 
of  serum  with  59  units  per  cubic  centimeter;  thus  the  immunizing 
dose  in  this  case  represents  only  472  units,  and  of  course  the  curative 
dose  is  correspondingly  low.  This  alone  is  sufficient  to  indicate  the 
urgent  necessity  for  some  uniformity  in  standardizing  the  veterinary 
antitoxins,  and  also  for  Federal  legislation  by  which  they  could  be 
subjected  to  a  periodical  control  with  reference  to  their  potency. 

Under  the  present  conditions  there  is  the  constant  uncertainty 
regarding  the  strength  of  the  serum,  as  the  veterinarian  has  no  assui- 
ance  whatever  of  its  potency,  and  is  solely  dependent  on  the  reUa- 
bility  of  the  manufacturer. 

CONCLUSIONS. 

1.  The  veterinary  tetanus  antitoxins  prepared  by  the  different 
manufacturers  have  not  a  uniform  potency,  and  the  variation  amounts 
in  some  instances  to  about  two-thirds  less  than  the  strength  which 
it  should  possess. 

2.  In  order  to  insure  a  uniform  strength,  the  manufacturers  of 
veterinary  tetanus  antitoxins  should  be  required  to  use  the  American 
standard,  and  to  state  on  the  label  the  number  of  American  units 
the  dose  contains,  as  is  required  for  human  tetanus  antitoxin. 

3.  The  immunizing  dose  for  a  horse  should  contain  at  least  1,500 
immunity  units  of  the  standard  established  by  the  United  States 
Public  Health  and  Marine-Hospital  Service. 

4.  It  is  seen  that  the  veterinary  tetanus  antitoxins  vary  ex- 
travagantly in  the  unit  strength,  and  some  are  comparatively  w^eak 
in  antitoxic  potency,  which  shows  the  necessity  for  the  same  super- 
vision by  the  United  States  Department  of  Agriculture  over  biologi- 
cal products  used  in  veterinary  medicine  as  is  now  exercised  by  the 
United  States  Public  Health  and  Marine-Hospital  Service  over  simi- 
lar products  used  in  human  medicine. 

5.  The  request  for  such  supervision  should  have  the  indorsement 
of  the  veterinarians  and  live-stock  interests  of  this  country. 

O 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 
Washington^  D.  C,  February  16y  1910. 
Sir:  I  have  the  honor  to  transmit,  and  to  recommend  for  publica- 
tion in  the  hulletin  series  of  this  Bureau,  the  accompanying  manu- 
scnpt  entitled  ''Factors  Controlling  the  Moisture  Content  of  Cheese 
Curds,"  by  J.  L.  Sammis,  of  the  Wisconsin  Agricultural  Experiment 
Station,  and  S.  K.  Suzuki  and  F.  W.  Laabs,  of  the  Dairy  Division 
of  this  Bureau,  this  being  a  report  of  a  part  of  the  cooperative  inves- 
tigations in  cheese  making  which  are  in  progress  at  the  Wisconsin 
Experiment  Station  between  that  Station  and  this  Bureau. 

The  problem  of  controlling  the  moisture  content  of  cheese  curds 
in  the  vat  is  one  of  much  importance  to  the  modern  cheese  maker, 
and  the  methods  used  in  the  experiments  reported  in  this  paper  were 
specially  planned  to  meet  practical  conditions.  It  is  hoped  that 
the  results  and  conclusions  will  be  of  value  to  the  cheese-making 
industrv  as  well  as  to  teachers  and  students  in  this  line  of  work. 
Respectfully, 

A.  D.  Mblvin, 
Chi€f  of  Bureau, 
Hon-  James  Wilson, 

Secretary  of  Agriculture. 
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FACTORS  CONTROLLING  THE  MOISTURE  CONTENT  OF 

CHEESE  CURDS. 


DTTBODncmON. 

In  the  cheese-making  industry  some  practically  exact  methods  of 
measuring  the  conditions  have  already  come  into  general  use.     The 
thermometer  has  replaced  the  hand  as  an  instrument  for  measurino; 
temperature;  the  rennet  tests  devised  hy  Marschall,  Monrad.  and 
Harris  have  replaced  the  senses  of  taste  and  smell  as  means  for 
measuring:  acidity  of  milk  in  the  cheese  vat;  and  the  standard  alka- 
line solution  for  measurinj^j  acidity  is  coming  into  general  use  among 
careful  cheese  makers.     The  latter  is  applied  to  the  milk,  whey,  or 
drainin<rs  from  the  curd  at  every  stage  of  the  process  as  long  as  the 
curd  is  in  the  vat.     When  following  the  development  of  acid  in  the 
cheese  vat  with  any  form  of  acidimeter,  it  is  commonly  the  practice 
to  add   rennet  to  the  milk  when  the  acidity  is  about  0.18  per  cent; 
to  dra^v  the  whey  and  mat  the  curd  when  the  whey  acidity  is  about 
0.17  per  cent,  so  that,  after  stirring,  the  drippings  titrate  0.24  to 
0.30   per  cent;  to  mill  the  curd  when  the  drippings  titrate  0.65  to 
0.90  per  cent;  and  to  salt  the  curd  when  the  acidity  of  the  drippings 
has  reached  0.90  to  1 .2  per  cent.* 

No  less  important  than  acidity  in  its  eflFect  on  the  quality  of  tlie 
finished  cheese  is  the  moisture  content.  Throughout  the  process  of 
making  cheese,  while  in  the  vat,  tlie  effort  is  made  to  establish  and 
naaintain  a  proper  relationship  between  the  moisture  and  acid  con- 
tent of  the  curd.** 

After  the  starter  has  been  added  and  the  vat  heated  little  more 
can  be  done  to  either  hasten  or  delay  the  bacterial  development  of 
acid.  Therefore  it  is  customary  to  watcli  the  increase  of  acidity  by 
using  an  acidimeter  or  rennet  test,  and  to  vary  the  operations  which 
affect  the  moisture  content  to  suit  the  observed  rate  of  acid  develop- 
ment.    The  following  quotations  express  ideas  which  are  prevalent 

a  Van  Slyke,  Lucius  L.,  and  Publow,  Charles  L.    The  science  and  practice  of 
cheese  making.     New  York,  1909.    Pp.  31-37. 
*  Loc.  cit.,  p.  45. 
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to-day  among  cheese  makers,  and  describe  the  methods  used  in 
Cheddar  cheese  factories  in  judging  the  moisture  content  of  a  curd. 
Decker"  says: 

When  the  whey  is  drawn,  the  curd  must  not  be  salvy  and  soft;  but  when  a  big 
double  handful  is  pressed  together  in  the  hands  and  one  hand  removed  it  should  not 
remain  in  a  mashed-up  mass,  but  should  fall  apart  readily. 

Efforts  to  develop  a  simple,  rapid  "Ynethod  of  judging  the  moisture 
content  more  accurately  than  can  be  done  by  the  feeling  have  been 
made  at  this  station  and  at  the  Ontario  Agricultural  College.*  Of 
late  various  rapid  moisture  tests  for  butter  and  cheese  have  been 
devised  and  placed  on  the  market,  but  none  as  yet  have  come  into 
general  use  in  cheese  factories.  It  is  difficult  to  teach  students  to 
judge  when  curd  is  firm  enough  to  be  dipped  by  feeling  it,  and  expe- 
rienced makers  do  not  always  agree  on  this  point. 

The  experience  of  practical  clieese  makers  has  shown  that  certain 
operations  can  be  used  with  success  for  the  purpose  of  more  rapidly 
separating  whey  from  curd  when  speed  is  necessary.  On  account  of 
the  crudeness  of  the  method  employed  in  judging  these  effects, 
namely,  by  the  feeling  of  the  curd  when  grasped,  it  is  impossible  to 
state  at  present  which  of  the  various  contributing  agencies  is  the 
most  efficient  in  producing  the  desired  result.  It  is  difficult  to 
understand  these  matters  in  the  absence  of  more  exact  information 
respecting  clianges  in  the  moisture  content  than  can  be  obtained  by 
squeezing  the  curd  in  the  hand  at  various  stages  of  the  cheese- 
making  process.     On  this  point  Van  Slyke  and  Publow*'  say: 

The  contraction  or  hardening  of  the  pieces  of  curd  is  known  as  *' firming.''  It  is 
probably  due  primarily  to  escape  of  whey.  What  share  temperature,  rennet,  and 
acidity  each  has  in  the  process  can  not  now  be  stated  definitely. 

Some  determinations  of  moisture  in  curds  in  the  vat  at  one  stage 
or  anotlier  are  recorded  in  the  literature  on  this  subject,  notably  by 
Professor  Dean  in  the  Annual  Reports  of  the  Ontario  Agricultural 
College  and  Experimental  Farm,  but  a  systematic  and  intimate  study 
of  tlie  entire  subject  has  not  been  reported. 

PLAN  OF  PRESENT  INVESTIGATIONS. 

In  view  of  what  has  been  stated  it  was  decided  to  make  cheese 
under  various  well-defined  conditions,  to  take  samples  of  the  curds 
at  short  intervals  of  time  throughout  the  process  of  making,  and  to 
determine  the  moisture  by  drying  and  weighing.     It  was  hoped  to 

«  Decker,  John  W.  Cheese  making.  Plfth  revised  edition,  by  F.  W.  WoU.  Madi- 
son, Wis.,  1909.     Pp.  62-63. 

b  Dean,  Henry  11.  A  short  test  for  determining  the  moisture  in  curd  at  dipping. 
Ontario  Agricultural  College  and  Experimental  Farm,  Thirty -second  Annual  Report, 
1906,  pp.  123-125.    Toronto.  1907. 

cLoc.  cit.,  p.  27. 
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obtain  more  exact  information  respecting  practical  methods  of  con- 
trolling the  moisture  content  of  cheese  by  this  means  than  has  boon 
heretofore  available.  The  results  are  presented  in  a  form  which  can 
be  readily  used  by  teachers  and  students  of  cheese  making. 

The  work  includes  a  study  of  the  following  important  factors  in 
cheese  making:  (1)  Temperature;  (2)  size  of  cubes;  (3)  proportion 
of  rennet;  (4)  acidity;  (5)  pressure;  (6)  proportions  of  fat  and  water 
in  milk. 

METHODS  USBD  IN  MAKING  THE  EXPERIMENTAL  CHEESE. 

The  general  plan  was  to  make  cheese  in  several  small  vats  at  the 
same  time  from  equal  weighed  quantities  of  mixed  milk.  The  milk 
in  the  large  receiving  vat  was  stirred  steadily  while  portions  were 
being  drawn,  therefrom.  The  vats  and  apparatus  were  some  of 
those  used  in  giving  instruction  to  large  classes  of  students  in  cheese 
making. 

In  experimental  work,  where  several  vats  of  milk  are  to  be  handled 
simultaneously  in  accordance  with  prearranged  plans,  it  is  necessary 
to  use  smaller  quantities  of  milk  than  would  commonly  be  contained 
in  a  factory  vat.  The  point  where  experimenters  sometimes  fail  is 
in  attempting  to  handle  such  large  quantities  of  materials  in  an 
experiment  that  it  is  impossible  to  carry  out  with  tliorouglmess  the 
operations  planned.  It  is  believed  that  the  quantity  of  milk  used 
by  us,  usually  200  pounds  in  each  vat,  as  well  as  the  other  conditions 
in  the  experiments  described,  were  such  that  the  work  could  be  done 
with  a  high  degree  of  accuracy,  and  that  the  results  can  properly  be 
regarded  as  illustrating  the  principles  involved  in  cheese-factory 
operations;  whether  conducted  on  a  large  or  a  small  scale. 

The  four  vats  were  handled  daily  by  two  operatoi-s,  and,  unless 
otherwise  stated,  were  heated  and  set  with  rennet  at  S0°  F.  at 
intervals  of  five  or  ten  minutes.  The  curds  were  cut  in  a  uniform 
manner  into  one-half  inch  cubes,  and  heat  was  turneil  on  fifteen 
minutes  after  cutting.  The  rate  of  raising  the  temperature  was 
carefully  equalized,  and  the  steam  was  turned  off  thirty-five  minutes 
after  cutting.  The  whey  was  drawn  two  and  one-half  liours  or  more 
after  cutting,  and  the  curds  were  scooped  onto  racks.  They  were 
usually  not  stirred  on  the  rack,  and  were  kept  at  the  desired  temper- 
ature by  warm  water  placed  in  the  lower  end  of  the  vats.  A  curd 
mill  was  used^  and  2^  pounds  of  salt  was  added  for  each  100  pounds 
of  curd. 

Rennet  extract  was  measured  accurately  in  a  cylinder  or  graduated 
pipette.  The  thermometers  employed  were  carefully  compared  with 
a  standard  instrument,  and  did  not  differ  over  one-half  of  a  degree 
Fahrenlieit. 

32193— Bull.  122—10 2 
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The  temperatures  observed  in  cheese-making  experiments  are 
stated  in  terms  of  the  Fahrenheit  scale,  since  this  is  generally  used 
in  Chpddar  cheese  factories.  Chemical  analyses  are  described  in 
terms  of  the  Centigrade  scale. 

The  time  when  each  operation  was  performed  and  when  each 
sample  was  taken  was  recorded  as  the  work  proceeded.  Each  day 
one  part  of  the  process  was  varied  in  the  different  vats,  all  other  parts 
being  performed  alike. 

METHODS  OF  DETBBMININO  MOISTTTBE. 

To  determine  how  the  moisture  content  of  the  four  curds  differed, 
samples  of  each  were  taken  at  intervals  of  five,  fifteen,  thirty,  or 
sixty  minutes,  as  required,  throughout  the  process.  So  long  as  the 
curds  were  in  the  whey  the  sampling  of  the  curds  was  done  by  the 
use  of  a  small  dipper  3  inches  in  diameter  and  1  inch  deep,  with  a  wire- 
strainer-cloth  bottom.  This  was  inserted  to  the  bottom  of  the  vat 
and  lifted  out  after  the  entire  vat  contents  had  been  set  in  motion  by 
vigorously  stirring  with  the  hands.  The  samples  thus  obtained 
were  freed  from  superficial  moisture  by  placing  them  for  a  moment 
on  sheets  of  filter  paper,  and  then  were  quickly  weighed  in  10-gram 
portions  into  numbered  tin  boxes,  which,  with  their  covers  and  a 
small  quantity  of  dried  sand,  weighed  exactly  17  grams  each.  Curds 
out  of  the  whey  were  sampled  b^^'  inserting  a  long,  sharp-edged  brass 
sampling  tube,  and  were  not  dried  on  paper.  A  balance  sensitive 
to  0.005  gram  was  used  in  weighing  samples.  Duplicate  moisture 
determinations  were  made  on  each  sample  of  curd,  and  the  results 
are  given  in  the  tables.  The  dishes  of  curd  prepared  each  day  were 
placed  together  on  perforated  metal  trays  in  a  double-walled  cast- 
iron  drying  oven,  heated  with  steam,  which  has  been  described 
elsewhere.** 

Having  in  the  oven  (50  to  80  10-gram  samples  of  curd,  containing 
about  50  per  cent  of  moisture,  the  weight  of  water  to  be  evaporated 
was  something  like  300  grams.  The  oven  door  was  opened  at  inter- 
vals during  the  first  three  hours  to  let  the  water  vapor  escape  freely. 
The  steam  pressure  being  45  to  50  pounds  the  temperature  inside  the 
oven  stood  at  110°  to  120°  C.  during  the  first  four  hours,  while  most 
of  the  water  wjis  being  evaporated,  and  later  rose  to  130°.  It  is  best 
to  weigh  two  or  three  dishes  from  the  lot  each  day  after  four,  six,  and 
eight  hours'  heating,  returning  them  to  the  oven  between  weighings, 
and  to  remove  the  entire  lot  of  dishes  from  the  oven  after  it  has  been 
demonstrated  that  loss  of  weight  has  practically  ceased.  When  the 
oven  contains  only  a  few  dishes  the  drying  proceeds  more  rapidly. 
The  perforated  metal  trays  used  to  support  the  dishes  permit  free 

o  Farrington,  E.  H.  A  croamery  method  for  the  dotermination  of  water  in  butter. 
Wisconsin  Agricuitnrai  Experiment  Station,  Bulletin  154,  Madison,  1907. 
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circulation  of  air  within  the  oven.  An  arrangement  for  admitting 
previously  heated  air  at  the  bottom,  with  an  exit  at  the  top,  would 
probably  shorten  the  time  required  for  drying  cheese  samples  to 
constant  weight. 

Comparison  was  made  between   the  high-pressure  oven  and  a 

sheet-copper  drying  oven  heated  by  live  steam  from  the  heating 

system  reduced  to  atmospheric  pressure  by  a  reducing  valve.     The 

temperature  stood  at  90^  C.     Eight  dishes,  each  containing  10  grams 

of  a  well-mixed  curd  sample,  were  placed  in  these  2  ovens,  4  in  each. 

In  the  high-temperature  oven  there  were  also  placed  at  the  same  time 

56  other  dishes  of  curd.     The  8  dishes  were  removed  from  the  ovens 

at  intervals,  the  lids  put  on  each  time,  and  the  dishes  weighed^ when 

cool  and  immediately  returned  to  the  ovens.     Table  1  shows  that  the 

loss  in  weight  practically  ceased  in  eight  hours  at  44.8  per  cent  loss 

in  the  high-temperature  oven,  and  in  one  hundred  and  twenty  hours 

at  44.4  per  cent  loss  in  the  low-temperature  oven.     The  latter  would, 

no  doubt,  have  come  to  constant  weight  sooner  if  the  temperature 

had  been  nearer  100°  C.     From  this  it  is  concluded  that  the  drying 

of  curds  for  eight  hours  in  the  oven,  heate<l  by  steam  at  45  to  50 

pounds  pressure,  gives  practically  correct  results.     Accordin{ijly  this 

oven  was  used  in  all  of  the  following  experiments,  and  the  results  are 

strictly  comparable  with  each  other. 

Table  1. — Loss  of  weight  from  curds  when  dried  in  the  high  and  low  temperature  owens. 


Total  time 
heatMl. 

Total  loss  In  welf^t. 

LoBsinweig 

HlKh  tem- 
perature. 

Per  cfiH. 

12.10 

10.  (10 

3.30 

.30 

.07 

ht  per  hour. 

High  tem- 
perature. 

Percent. 
24.30 
40.95 
44.20 
44.60 
44.  W 
44.80 
44,90 

Iiow  tem- 
perature. 

Tx»w  tem- 
perature. 

Per  cent.    > 
8.1 
3.2 
5.0 
3.0 
l.K 
1.3 

.25 

.04 

.04 

.Olfi 

Hr9.   m. 

2  0 

3  40 
'          4    30 

5    50 

8    50 

10    35 

Pmeent. 
16.20 
21.50 
26.40 
30.10 
36.40 
38.10 
42.40 
43.30 
44.00 
44.15 
44.30 
44.40 
44.50 

27    25 
'        49      0 

.006 

65      0 

74      0 

98      0 

.OOH 

122      0 

.004 
.0007 

266      0 

' 

MOISTUBE  CONTENT  OF  FOUR  SIMILAR  CURDS,  SHOWING  ACCURACY  OF 

METHOD. 

The  degree  of  accuracy  attainable  under  the  prevailing  conditions 
was  determined,  on  several  days,  by  handling  the  vats  as  nearly 
alike  as  possible  and  determining  the  moisture  content  of  the  four 
curds  at  regular  intervals. 

The  following  experiment  is  described  because  it  shows  the  largest 
variations  between  duplicate  vats  which  were  observed  at  any  time; 
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in  the  succeeding  pages  the  agreement  of  results  between  different 
vats  is  closer  in  several  cases.  The  milk  had  4  per  cent  fat  and 
0.185  per  cent  acid  when  set.  The  curds  were  not  stirred  on  the  rack. 
The  acidity  of  the  whey  when  drawn  was  0.205  per  cent.  The  curds 
were  dipped  two  and  one-half  hours,  milled  four  hours,  salted  six 
hours,  and  hooped  six  hours  and  twenty  minutes  after  cutting.  The 
temperature  in  all  vats  when  set  was  86®  F.;  thirty-five  minutes 
after  cutting  it  was  104®  F.,  and  the  same  when  the  whey  was  drawn. 
The  curds  were  milled  at  100®,  salted  at  90®,  and  hooped  at  85®.  In 
Table  2,  and  in  all  the  following  tables,  the  moisture  content  of  the 
curd  when  cut  is  given  as  87  per  cent,  this  figure  being  assumed  and 
not  determined  by  anlaysis. 

Table  2. — Moisture  content  of  four  curds  made  in  different  vats  from  mixed  milk. 


Time 

Moisture  in  curd. 

1 

after 
cut- 

1 

ting. 

Vat  I. 

Vatn. 

Vat  III. 

Vat  IV 

w 
• 

Average 

Average 

Average 

Average 

Ht9.  m. 

P.ct, 

r.et. 

per  cent. 

P.ct. 

P.ct. 

percent. 

P.ct. 

P.ct. 

percent. 

P.ct. 

P.ct. 

percent. 

0     0 
0    30 

87.0 
78.3 

87.0 
77.8 

87.0 
79.8 

87.0 
79.0 

78.2 

78.4 

77.7 

77.8 

80.0 

78.7 

79.0 

79.0 

1      0 

67.7 

.67.6 

67.6 

67.5 

67.5 

67.5 

66.5 

65.8 

66.2 

67.1 

66.5 

67.3 

1    30 

61.4 

61.5 

61.5 

63.6 

64.1 

63.9 

61.5 

61.8 

61.7 

61.1 

60.5 

60.8 

2    30 

55.9 

55.9 

55.9 

56.8 

55.8 

56.3 

54.2 

66.0 

55. 1 

54.9 

54.4 

54.7 

3      0 

45.6 

45.6 

45.6 

44.9 

45.3 

45.1 

46.2 

45.4 

45.8 

44.0 

43.8 

43.9 

4      0 

41.0 

41.2 

41.1 

42.1 

42.7 

42.4 

41.1 

40.7 

40.9 

41.3 

42.0 

41.7 

6      0 

38.9 

39.1 

39.0 

38.6 

39.6 

39.1 

38.8 

39.2 

39.0 

38.9 

39.0 

30.0 

6    20 

35.8 

36.0 

35.9 

37.0 

37.1 

37.0 

36.3 

36.3 

36.3 

36.5 

37.1 

36,8 

—Curves  Nhowing  experimental  errors  in  determining  the  moisture  content  of  four  duplicate  curds. 


If  we  regard  the  average  of  two  determinations  as  representing 
correctly  the  moisture  content  of  the  curd,  it  is  seen  in  the  experi- 
ment just  described  that  the  departure  of  any  curd  from  the  average 


MOISTURE  DETERMINATIONS. 


13 


moisture  content  of  the  four  curds  at  the  same  time  is,  on  the  average, 
0.53  per  cent  of  the  weight  of  the  curd.  In  the  same  experiment  the 
departure  of  any  single  moisture  determination  from  the  average 
of  the  pair  is,  on  the  average,  0.20  per  cent  of  the  weight  of  the  sample. 
The  duplicate  moisture  determinations  agree  better  with  each 
other  than  do  the  four  curds  among  themselves.  The  accurate 
sampling  of  curd  in  a  vat  is  probably  much  more  difficult  than  the 
determination  of  moisture  in  the  samples.     (See  fig.  1 .) 


ACCURACY   OF   SAMPLING   OP   CURD   IN   THE    VAT. 

In  all  the  experiments  described  one  sample  was  taken  from  a  vat 
at  a  time,  and  from  each  sample  two  portions  of  10  grams  each  were 
weighed  into  tin  dishes.  To  see  how  close  an  agreement  could  be 
had  between  the  moisture  content  of  samples  taken  from  the  vat  in 
rapid  succession,  samples  were  drawn  every  five  minutes  during  a 
two-hour  period,  previous  to  drawing  the  whey.     The  analytical 
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87 


So 
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O 

III 

a. 


80 


70 


\ 

\ 

■^^ 

•T>y,^ 

■i^^l..-x  • 

HOURS  AFTER  CUTTIN^ 

1                    i 

t                  3 

60 


FiQ.  2.— Duplicate  moisture  determlnatloiu  to  show  accuracy  of 
sampling.  The  two  determinations  (shown  by  lines  of  dots)  and 
tbeaveraf^  (shown  by  solid  line)  Indicate  the  degree  of  accuracy 
attained. 

data  are  given  in  Table  3.  From  this  it  can  be  seen  that  the  methods 
used  gave  fairly  satisfactory  and  uniform  samples.  The  variations 
between  successive  samples  are  small.  The  departure  of  a  moisture 
determination  from  the  average  of  the  pair  was  in  this  experiment 
0.47  per  cent  of  the  weight  of  the  curd,  on  the  average,  among  the 
entire  30  samples.  The  average  among  the  first  15  samples  was 
0.61  per  cent,  and  among  the  last  15  samples  0.33  per  cent,  showing 
that  the  curds  can  be  sampled  with  less  difficulty  and  error  dyring 
the  later  stages  of  the  cheese-making  process.  The  unavoidable 
variations  observed  in  these  preliminary  experiments  were  smaller 
than  the  variations  of  moisture  content  which  resulted  from  inten- 
tional modification  of  the  cheese-making  process,  as  shown  in  subse- 
quent experiments.  The  acidity  of  the  milk  was  0.16  per  cent 
when  set,  and  the  whey  showed  0.125  per  cent  acidity  when  drawn, 
two  and  one-half  hours  after  cutting.     (See  fig.  2.) 
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Table  3. — Moisture  in  samples  taken  at  five-minute  intervals  to  determine  accuracy  of 

the  method  of  sampling. 


Time 

after 

cutting. 

Hrn.  m. 

0    30 

0    35 

0    40 

0    45 

0    50 

0    55 

1      0 

1      5 

1    10 

1    15 

1    20 

1    25 

1    30 

1    35 

1    40 

Moisture  found. 


Time 

after 

cuttlnjf. 


Moisture  found. 


Hn.  m. 

Per  cent. 

1    45 

67.6 

1    50 

68.2 

1    55 

fi6.7 

2    00 

65.7 

2    05 

66.0 

2    10 

65.1 

2    15 

64.4 

2    20 

64.7 

2    25 

65.1 

2    30 

62.1 

3      0 

50.8 

3    30 

45.8 

4      0 

43.7 

4    30 

40.1 

1     '     0 

1 

40.3 

Per  cent. 
67.9 
68.5 
66.3 
66.6 
66.6 
05.1 
66.3 
65.6 
66.3 
62.8 
50.8 
46.6 
43.9 
41.6 
40.5 


Averaffe 
per  cent. 
67.8 
68.4 
66.5 
66.2 
66.3 
65.1 
65.3 
65.1 
65.6 
62.4 
.  50.8 
4H.2 
43.8 
40.8 
40.4 


INFLUENCE'  OF  TEMPEBATXJBB    ON    THE    SEPARATION    OF 

WHEY  FROM  CURD. 

The  next  effort  was  to  determine  how  great  is  the  efTect  of  heat 
upon  the  process  of  removing  moisture  from  curd  by  using  different 
temperatures  in  the  four  vats  and  observing  the  moisture  content  of 
each  curd  at  intervals.  In  a  similar  way  various  elements  of  the 
process  other  than  temperature  were  studied.  Each  part  of  the  work 
was  repeated  several  times.  The  data,  which  are  recorded  herein, 
are  representative* in  every  case  of  several  concordant  experiments 
and  are  believed  to  be  indicative  of  the  effects  which  would  be  pro- 
duced in  any  vat,  large  or  small,  under  the  conditions  described. 


THE   USE   OF   FIXED   TEMPERATURES   FOR   SETTING   AND   FIRMING. 

In  the  experiment  described  below  the  milk  contained  4  per  cent 
fat,  and  was  set  with  4  ounces  of  rennet  per  1,000  pounds  at  86°, 
92°,  98°,  and  104°,  respectively,  in  the  four  different  vats.  These 
temperatures  were  maintained  until  the  whey  was  drawn,  after 
which  the  curds  were  slowly  warmed  or  cooled,  as  required,  to  bring 
them  all  to  86°  when  hooped.  The  milk  began  to  thicken  in  twelve, 
ten,  nine,  and  nine  minutes,  respectively,  and  the  curds  were  cut  into 
one-half-inch  cubes  in  thirty,  thirty,  twenty-three,  and  twenty-three 
minutes  after  adding  rennet.  Care  was  exercised  to  have  the  cubes 
of  uniform  size,  to  maintain  the  different  vats  at  the  prescribed 
temperatures,  and  to  handle  them  alike  in  all  other  respects.  The 
curds  were  not  stirred  on  the  rack.  The  acidity  of  the  milk  in  each 
vat  was  0.17  per  cent  when  set,  and  of  the  wh^y  0.155  per  cent  when 
drawn.     The  moisture  content  is  given  in  Table  4.     (See  also  fig.  3.) 
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Table  4.   -Moisture  content  cf  curds  held  at  fixed  temperature*  from  netting  to  dipping. 


Time 
afttf 

CUttiDg. 


( )perAtI<m. 


Jfrt 

•  m. 

0 

0 

0 

ao 

1 

30 

2 

30 

2 

45 

3 

0 

4 

0 

6 

0 

6 

20 

Cut. 


Dipped. 


Milled.. 
Salted.. 
Hooped 


Vat  I. 
Tempera- 
ture 86*. 


Per  cent. 

87.0 
83.1 
77.8 
73.0 
64.3 
60.5 
53.9 
43.4 

•JH.  o 


Moisture  in  curd. 

Vat  II. 

Vat  III. 

Vat  IV. 

Tempera- 

Tempera- 

Tempera- 

ture 92r 

ture  96*. 

ture  104*. 

Per  cent. 

Percent. 

Percent. 

87.0 

87.0 

87.0 

81.6 

78.6 

77. 3 

75l3 

71.9 

69.4 

09.8 

654 

64.0 

62.7 

57.5 

55.4 

56.0 

52.3 

52.0 

49.7 

47.0 

45.6 

43.3 

41.4 

41.6 

40.1 

39.2 

39.0 

FiQ.  3.— Effect  of  different  temperatures  at  setting.     Four  vate  were  held  at  86, 92, 98,  and  104*  from  set- 
ting  until  the  whey  was  drawn.     It  will  be  seen  that  the  98  and  104*  curves  lie  close  to(;ether. 

The  figures  show  that  the  temperature  is  a  very  important  factor  in 
the  removal  of  moisture  from  cheese  curds.  Some  18  degrees  differ- 
ence in  temperature  made  9  per  cent  difference  in  moisture  content 
when  dipped.  The  fact  that  in  this  experiment  the  four  curds,  set 
and  firmed  at  86"*,  92"^,  98^  and  104°,  respectively,  had  the  same 
moisture  content  when  hooped,  shows  that  this  is  not  wholly  de- 
pendent on  the  moisture  content  when  the  whey  is  drawn,  but  is 
influenced  by  other  important  factors  during  the  later  stages  of  the 
process,  which  will  be  referred  to  again. 

THE    USE   OP  DIFFERENT  TEMPERATURES    FOR   SETTING   THE   MILK. 

In  factory  practice  vats  of  milk  are  usually  set  at  about  86°  F. 
and  later  heated  to  a  temperature  in  the  neighborhood  of  100°. 
When  it  is  desirable,  as  with  overripe  milk,  to  shorten  the  time  and 
to  get  the  milk  coagulated  quickly,  so  as  to  cut  and  heat  the  curd 
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as  soon  as  possible,  five  or  ten  minutes  may  be  saved  by  setting  the 
vat  as  high  as  96°,  as  suggested  by  J.  W.  Robertson,*  though  the  loss 
of  fat  is  slightly  greater.  However,  since  overripe  milk  thickens 
faster  than  sweet  milk  with  rennet  at  86°,  many  makers  never  use 
a  higher  temperature  for  setting  than  86°  at  any  time. 

In  the  following  experiment  four  vats  of  mixed  milk  of  0.20  per 
cent  acidity  were  heated  to  86°,  92°,  98°,  and  104°,  respectively, 
and  set  with  3  ounces  of  rennet.  Each  was  cut  in  twenty-two 
minutes.  Heat  was  turned  on  fiftc^en  minutes  after  cutting,  and  the 
temperature  was  104°  in  each  vat  thirty-five  minutes  after  cutting. 
The  acidity  of  the  whey  increased  alike  in  the  four  vats,  and  this, 
wnth  the  moisture  content  of  the  curds,  is  shown  in  Table  5.     (See 

also  fig.  4.) 

« 

Table  5. — Mointure  cnntnit  of  ntrds  from  overripe  milk  set  at  «^fi°,  .9:?°,  9^°,  and  204^, 

nnrf  heated  to  104°. 


Time 

aftPT 

(Milting. 


Ihn.    m. 
0      0 
0    35 


1 

1 

2 
•} 


0 
30 

0 
30 


Aridity 
of  whey. 

Mo 

Viit  I, 
set  lit  .^ar. 

Per  cent. 

isliire  cont 

Vat  11. 
set  at»2». 

Prr  cent. 

entofciin 

Vat  III, 
set  at  %". 

I. 

Vat  IV, 
setatl04'. 

Per  Cfnt. 
0.  i;i.'» 

Per  cent. 

Percent. 

77.7 

m.  4 
«>.).  tj 
«>().  (\ 

.V).  1 

7(1.3 
(.9.  fi 
M.  5 

W.1 

74.9 

(i8.6 
62.4 
58.3 
55.7 

73.0 
69.9 
65.6 
60.2 
50.0 

.  157 

.IS 

.10 

Fio.  4.— E(Te<'t  of  soft inp  curds  at  ditTeront  l»»mpmtur:"s  and  hoat- 
injj  to  the  si:no  tt'Hiix^rature  aftor  ciillinK.  'Y\\c  ciir.!s  ditlered 
^^idl'lY  in  moisture  content  one-half  hour  after  nittinj'.but  were 
closely  alike  one  lion  rafter  cut  ting. 

The  use  of  higher  tc^nipcraturcs  of  setting  induces  more  rapid  sep- 
aration of  wlie V  at  first .     When  the  curd  is  heated  to  104°  the  moisture 


'X  Monrad,  J.  H.     A.  11.  ('.  in  ('ho<'so  mukiii«r.     Springfield,  III.,  188.').     P.  29. 
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separates  more  rapidly  at  first  but  later  at  a  decreased  rate,  so  that 
within  one  hour  after  setting  the  moisture  content  is  the  same  in 
curds. I,  II,  and  III.  Curd  IV,  set  at  the  highest  temperature,  shows 
the  decrease  in  rate  more  markedly  than  the  others  and  contains 
more  moisture  than  curd  III  as  early  as  one  hour  after  cutting. 

The  practical  application  of  these  facts  is  as  follows:  With  milk  of 
this  ripeness  the  whey  would  probably  be  drawn  when  the  acidity 
was  0.18  per  cent,  one  and  one-half  hours  after  cutting.  Under  these 
conditions  a  curd  set  at  98^  will  be  the  driest,  and  the  others  will 
contain  more  moisture  in  order,  as  set  at  92*^,  86°,  and  104®.  With 
milk  of  such  high  acidity  handled  in  this  manner  the  use  of  104® 
does  not  get  the  curd  any  drier  than  86®,  nor  as  dry  as  92®  or  98®. 

A  possible  explanation  for  these  facts  may  be  that  a  very  rapid 
iiutial  rate  of  removal  of  moisture  (to  less  than  74  per  cent  in  vat  IV 
in  one-half  hour  after  cutting)  may  separate  moisture  from  the  surface 
layer  of  curd  faster  than  the  moisture  can  move  from  the  center  to  the 
surface,  thus  forming  a  relatively  dry  and  impervious  layer  of  curd 
at  the  surface  through  which  the  remaining  moisture  passes  more 
slowly. 

Another  experiment  was  performed  in  a  similar  manner  with  mUk 
of  lower  acidity,  and  is  described  here  for  convenient  comparison  with 
the  preceding. 

Mixed  milk  of  0.16  per  cent  acidity  and  4  per  cent  fat  content  was 
placed  in  four  vats,  which  were  heated  to  86®,  92®,  98®,  and  104®, 
respectively,  and  set  with  4  ounces  of  rennet  per  1,000  pounds  of  milk, 
but  without  the  addition  of  any  starter.  The  acidity  of  the  whey 
rose  slowly  and  reached  0.16  per  cent  two  and  one-half  hours  after  the 
curds  were  cut,  at  which  time  the  whey  was  drawn.  Each  curd  was 
cut  twenty-six  minutes  after  adding  rennet,  heated  fifteen  minutes 
later,  and  reached  104®  thirty-five  minutes  after  cutting.  The 
moisture  content  of  the  four  curds  is  shown  in  Table  6  and  figure  5. 


Table  6,— Moisture  content  of  curds  set  at  86°,  9:i°,  98°,  and  104°  and  firmed  at  104' 


Time 

Moisture  In  curd. 

after 
cutting. 

Vat  I, 

Vat  II, 

Vat  III, 
setatOS^ 

Vat  IV, 
set  at 
104'. 

set  at  86*. 

8etat02^ 

Ht9*  m. 

Percent 

Percent 

Percent 

Percent. 

0     0 

87.0 

87.0 

87.0 

87.0 

0    30 

81.6 

80.3 

77.7 

75.7 

1      0 

72.2 

71.9 

71.7 

71.0 

1    30 

67.6 

68.0 

69.3 

08.4 

2    30 

62.7 

62.9 

62.0 

62.8 

32193— Bull.  122—10- 
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Fig.  5.— Effect  of  conditions  same  as  In  figure  4,  but  with  milk  not 
so  ripe.  Note  the  wide  variation  at  first  and  the  close  agreement 
after  one  hour. 

In  this  case,  where  the  milk  was  sweeter,  the  initial  rate  of  removal 
of  moisture  was  less  than  in  the  experiment  preceding.  Curd  IV  con- 
tained more  than  75  per  cent  of  moisture  one-half  hour  after  cutting. 
Under  these  conditions  the  vats  set  highest  lost  moisture  more  quickly 
at  first  and  more  slowly  after  one-half  hour,  so  that  they  all  had 
practically  the  same  moisture  content  one,  one  and  one-half,  and  two 
and  one-half  hours  after  cutting.  There  is  therefore  no  advantage 
in  using  a  higher  temperature  than  86°  in  such  a  case.  With  milk 
that  is  not  overripe  86°  is  commonly  employed  for  setting  the  vat 
for  several  reasons — it  is  high  enough  to  permit  ripening  of  the  milk, 
it  insures  a  reasonably  rapid  rate  of  coagulation  with  rennet,  the  loss 
of  fat  is  low,  and  the  curd  can  be  freed  from  moisture  quite  as  thor- 
oughly on  raising  the  temperature  after  cutting  as  it  could  be  if  a 
higher  temperature  had  been  used  for  setting  the  vat. 


HEATING   THE    CURD    AFTER   CUTTING. 

While  milk  is  quite  generally  set  at  86°  in  Cheddar  cheese  factories, 
the  practice  varies  as  to  the  temperature  used  in  "cooking  "  the  curds 
after  cutting.  Many  makers  ordinarily  use  98°,  others  100°  or  102°, 
a  smaller  number  use  104°,  and  a  few,  though  it  is  difficult  to  say  how 
many,  heat  the  curd  as  high  as  106°,  110°,  or  114°  in  the  w^hey. 

To  determine  the  influence  of  diflFerent  temperatures  on  the  rate 
of  moisture  separation,  four  vats  of  milk,  containing  4.2  per  cent  fat 
and  0.182  per  cent  ayd  were  set  at  86°  with  3  ounces  of  rennet  per 
1,000  pounds.  All  were  cut  alike  thirty-five  minutes  later,  and 
fiifteen  minutes  after  cutting  steam  was  turned  on  three  of  them. 
In  thirty-five  minutes  after  cutting  the  four  vats  were  at  86°,  98°,  104° 
and  110°,  at  which  temperatures  they  were  held  until  the  whey  was 
drawn.  The  curds  were  then  slowly  warmed  or  cooled,  as  required, 
to  bring  them  to  about  86°  at  the  time  they  were  hooped.     The  whey 
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acidity  ^v^as  0.185  per  cent  when  drawn.  The  curds  were  put  on  the 
rack  and  matted  without  stirring.  The  drainings  from  the  rack  after 
milling  contained  18,  14,  14,  and  34  grams  of  fat,  respectively,  the 
temperatures  of  the  curds  when  milled  being  88°,  94°,  100°,  and 
102*^.     The  moisture  content  is  shown  in  Table  7.     (See  also  fig.  6.) 

Table  7.— Moisture  in  curds  cooked  at  US'' ,  ys°,  104"*,  and  110°. 


Time  after 
cutting. 


Htm.  m. 

0  0 

0  30 

1  30 

2  30 

3  0 

4  0 
6  20 


Operation. 


Drawn. 

MUied'.' 
Ilooiied 


Moisture  in  curd. 

Vat  I, 

Vat  n, 

Vat  III, 

!  cooked 

cooked 

oookiMi 

'    at  86". 

at  98°. 

at  104*. 

Percent. 

Percent. 

Percent. 

87.0 

87.0 

87.0 

82.2 

80.1 

80.2 

76.3 

60.3 

67.3 

73.6 

63.7 

62.0 

58.0 

50.0 

46.2 

£2.0 

44.0 

41.9 

40.4 

37.3 

s^^e 

Vat  IV, 
cooked 
at  110'. 


Per  cent. 
87.0 
81.0 
r.2.  9 
57.9 
43.6 
41.6 
34.3 


Fig.  6.— Effect  of  setting  the  milk  at  the  same  temperature  and  heating  to  different  teniperalures.  Four 
vats  were  set  at  86**,  but  firmed  at  86, 98, 101,  and  110*.  Note  the  small  dllTereuee:s  between  Ihc  U8  und  104* 
curves,  as  is  also  shown  by  figure  3. 

The  temperature  to  which  the  vat  is  heated  after  cutting  has  a  very 
marked  influence  on  the  rate  of  removal  of  moisture  wliile  the  curd 
is  in  the  whey.  The  higher  the  temperature  the  more  rapid  the 
separation  of  whey  under  the  conditions  described. 
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TIME  AND  BATE  OF  HEATING  THE   VAT   AFTER  CUTTING. 

With  respect  to  the  time  of  beginning  to  heat  the  vat  after  cutting, 
and  the  rate  at  which  it  should  be  heated,  Monrad  "  quotes  the  fol- 
lowing directions  from  Robertson's  "Pointers  for  Cheese  Factories:" 

The  application  of  heat  should  be  delayed  for  fifteen  minutes  after  stirring  is  com- 
menced. The  temperature  should  be  gradually  raised  to  98^  F.  at  a  rate  not  faster 
than  1°  every  four  or  five  minutes.  In  the  case  of  a  quick  curd  these  rules  may  be 
disregarded. 

On  the  same  subject  Decker*  says: 

Curd  being  a  poor  conductor  of  heat,  a  rise  of  I^  in  five  minutes  is  fast  enough  to  heat 
normal  working  milk.  If  it  is  heated  too  fast  it  will  cook  the  particles  on  the  outside 
and  retain  the  whey  inside  of  the  curd. 

Van  Slyke  and  Publow'^  give  the  following  directions: 

Care  must  always  be  taken  not  to  raise  the  temperature  of  the  curd  too  rapidly. 
Usually  the  temperature  can  be  raised  2°  in  every  five  minutes,  but  when  the  lactic 
acid  formation  is  slow  1^  every  five  minutes  may  be  suflScient.  If  after  cutting  the 
whey  around  the  curd  shows  0.12  per  cent  acidity,  allow  sixty  minutes  for  heating; 
if  0.15  per  cent  acidity,  allow  twenty  minutes  for  heating.  Applying  heat  too  &8t 
hardens  the  outside  of  the  curd  and  prevents  the  escape  of  the  whey. 

The  practice  of  beginning  to  heat  the  vat  veiy  soon  after  cutting 
the  curd,  and  raising  the  temperature  rapidly,  is  followed  almost 
solely  when  the  milk  is  overripe.  Some  cheese  makers  intentionally 
ripen  milk  to  0.20  per  cent  acidity  or  more  and  habitually  apply  heat 
in  this  manner.  Experiments  were  undertaken  to  determine  whether 
by  such  treatment  the  moisture  content  is  reduced  more  rapidly  than 
by  the  usual  slower  method  of  heating. 

In  one  experiment  milk  of  0.20  per  cent  acidity  in  four  vats  was 
set  with  4  ounces  of  rennet  and  cut  with  J-inch  knives  in  twenty-five 
minutes.  The  first  and  second  vats  were  heated  to  104°  and  the 
third  and  fourth  vats  to  110°.  The  first  and  thiid  vats  were  stirred 
fifteen  minutes  and  were  heated  in  twenty  minutes;  the  second  and 
fourth  were  stirred  six  minutes  before  heating  and  were  heated  in 
seven  minutes.  The  acidity  of  the  whey  when  drawn  was  0.215  per 
cent.  The  .time  of  each  operation  and  the  moisture  content  of  the 
resulting  curds  are  shown  in  Table  8.  The  curds  were  not  stirred 
on  the  rack.  The  comparative  effect  of  rapid  and  slow  heating  is 
illustrated  in  figure  7. 


«  Loc.  cit.,  p.  30. 
&Ix>c.  cit.,  p.  60. 
«Loc.  cit.,  pp.  30-31. 
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Table  8. — MoUture  in  curds  healed  slowly  and  rapidly  to  104^  and  110* 


Time  after 
cutting. 


Ht9.  m. 

0      0 


0 

1 
I 

2 
3 
4 

6 
6 


30 
0 

30 

30 
0 
0 
0 

20 


Operation. 


Drawn 


Milled.. 
Salted.. 
Hooped. 


Whev  fat  (per  rent) . . 

Yield  of  green  cheese 
per  100  pounds  milk 
(pounds) 


Moisture  In  curd. 


Vat  I 

Vat  II 

(beating 

(heating 

))egun  at 

l)egun  at 

15  minutes 

6  minutes 

and 

and 

reached 

reached 

104*  at  35 

104*  at  11 

minutes). 

minutes). 
Percent. 

Per  cent. 

87.0 

87.0 

76.2 

73.9 

A5.5 

67.3 

61.5 

64.7 

53.2 

59.0 

45.0 

47.2 

41.7 

42.5 

39.9 

39.6 

37.8 

37.0 

0.175 

0.20 

9.5 

9.32 

Vat  III 

(heating 

begun  at 

15  minutes 

and 

reached 

110*  at  35 

minutes). 


6 
7 
2 
5 


Per  cent. 
87.0 
77. 
64. 
fiO. 
55. 
45.6 
40.4 
37.2 
33.9 


0.22 


X07 


Vat  IV 

(heating 

begun  at 

6  minutes 

and 

reached 

110*  at  11 

minutes). 


I 


2 
2 
5 
4 


Percent, 
87.0 
73. 
65. 
61. 
68. 
46.3 
41.9 
37.2 
33.2 


0.25 


8.8 


Fig.  7.— Effect  of  rapid  and  slow  heating.  Two  vats  (I  and  III)  were  heated  slowly  to  104  and  110*,  re- 
spectively. Two  other  vato  (II  and  IV)  were  heated  rapidly  to  the  .same  temperatures.  Note  that  the 
curves  croes  at  about  one  hour  after  cutting.  The  two  pairs  of  ciirveii  are  separated  so  as  to  be  more  read- 
fly  traced. 

The  results  obtained  at  1 10^  and  104°  show  that  at  both  temperatures 
early  and  rapid  heating  caused  more  rapid  separation  of  whey  during 
part  of  the  first  hour,  but  after  the  first  hour  the  separation  of  mois- 
ture was  slower  than  when  the  ordinary  method  of  heating  was  used. 
The  rapidly  heated  curds  contained  as  much  or  more  moisture  two  and 
one-half  hours  after  cutting  than  did  the  more  slowly  heated  curds. 
In  other  similar  experiments  the  same  general  results  were  obtained. 
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There  is  a  greater  loss  of  fat  in  the  whey  and  a  smaller  yield  of 
cheese  from  each  of  the  more  rapidly  heated  vats,  instead  of  a  larger 
yield.  These  facts  are  of  importance  to  those  cheese  makers  who 
habitually  ripen  milk  to  a  high  percentage  of  acidity  and  heat  the 
curd  as  rapidly  as  possible  after  cutting,  with  the  object  of  obtaining 
a  larger  yield,  due  to  water  being  retained  within  the  toughened  walls 
of  the  cubes.  The  fact  is  that  these  walls  break  under  the  pressure  as 
soon  as  the  curd  is  piled  up  to  mat,  and  the  liquid  contents  escape, 
partly  at  this  stage  and  partly  after  milling,  in  the  form  of  white 
whey  of  high  fat  content.  As  a  result  the  yield  of  cheese  is  less, 
instead  of  more,  than  that  obtained  when  the  skin-and-pulp  condition 
of  curd  is  avoided. 

It  was  observed  that  in  vats  II  and  IV,  which  were  heated  rapidly, 
the  surface  of  the  cubes  became  tough,  w^hile  the  interior  remained 
soft  and  pulpy,  the  cubes  thus  losing  homogeneity,  which  did  not 
occur  in  vats  I  and  III.  The  moisture  content  of  the  two  110°  curds 
was  about  4  per  cent  lower  than  that  of  the  two  104°  curds  when 
hooped. 

Another  experiment  was  carried  out  in  which  sweeter  milk  was 
used  than  in  the  last,  as  follows :  Four  vats  of  fresh  mixed  milk  of  4 
per  cent  fat  content  and  0.162  per  cent  acidity  were  set  at  86°,  with 
4  ounces  of  rennet  per  1,000  pounds.  Each  was  cut  thirty  minutes 
later.  The  time  and  rate  of  heating  were  varied  and  are  indicated 
in  Table  9,  together  with  the  moisture  content  of  the  curds.  The 
acidity  of  the  whey  was  0.112  per  cent  when  the  curd  was  cut  and 
0.132  per  cent  two  and  one-half  hours  later  when  the  curd  was  dipped. 
The  results  show  that  the  different  methods  of  heating  had  a  marked 
effect  on  the  moisture  content  early  in  the  process,  but  owing  to  lack 
of  acidity  the  curds  all  practically  stopped  firming  when  the  moisture 
content  reached  about  65  per  cent.  The  differences  in  moisture  con- 
tent, so  marked  at  first,  were  thus  lost.  The  difference  in  behavior 
between  curds  from  ripe  milk  and  from  sweet  milk  will  be  referred  to 
again  in  the  discussion  of  acidity.  The  results  of  this  experiment 
are  shown  in  figure  8. 

Table  9. — Influence  of  rapid  and  early  heating  on  the  moisture  content  of  ewrds  from. 

sweet  milk. 


Vat  I  (bo- 

Vat  II  (be-  Vat  HI  (b<^|vatIV(be- 

gontoheat 

f^antoheat  gantoheat   gantoheat 

Time  after 
cuttlnR. 

at  15  min- 

at 15  min-     at  30  min-     at  5  min- 

utes and 

utes  and       utes  and       utes  and 

rem'hed 

reached    \    reached 

reached 

104°  ai :« 

104"  at  'J5 

104°  at  ri5 

104'  at  10 

minutes). 

minutes). 

minute's). 
Percent. 

minutes). 

Hra.  m. 

Per  cent. 

Percent. 

Percent. 

0     0 

H7.0 

87.0 

87.0 

87.0 

0    30 

80.5 

78.1 

83.0 

74.3 

1      0 

73.8 

71.9 

72.5 

68.0 

2    30 

ns.8 

68.0 

OS.  4 

66.9 

66.7 
65.2 

66.2 
64.4 

65.7 
64.6 

64.6" 
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Fio.  8.— Effect  of  he&ting  curd  rapidly  after  cutting.  The  curda 
which  were  heated  mofit  quickly  to  101*  after  cutting  loet  mois- 
ture most  rapidly  at  first, but  In  two  hours  after  cutting  these 
differences  had  disappeared. 

INFI^UBNCE  OF  SIZE  OF  CUBES  ON  MOISTT7BE  IN  CX7BD. 

It  is  generally  believed  that  the  smaller  the  cubes  into  which  a 
curd  is  cut  the  more  rapid  will  be  the  separation  of  whey;  also  that 
when  a  curd  is  cut  into  pieces  of  irregular  size  the  smallest  ones 
become  firm  first.  To  show  definitely  what  differences  of  moisture 
content  are  produced  by  using  different  sized  knives  the  following 
experiment  will  be  described. 

Four  vats  of  milk,  acidity  0.20  per  cent,  were  set  with  3  ounces  of 
rennet  at  86°  and  each  was  cut  twenty-five  minutes  later.  The 
curds  were  cut  with  different-sized  knives,  but  in  all  other  respects 
were  handled  exactly  alike.  They  were  not  stirred  on  the  racks, 
and  were  hooped  at  86°.  The  whey  acidity  was  0.225  per  cent 
two  and  one-half  hours  after  cutting  the  curd.  (See  Table  10  and 
fig.  9.) 

Table  10. — Moisture  content  of  curda  cut  with  different-sized  knives. 


Tbne  after 
cutUng. 


Hra.  m. 
0     0 


0 
1 

2 
3 
6 

6 


30 

ao 

30 
0 
0 

20 


Operation. 


Dipped. 
Milled... 
Salted... 
Hooped. 


Vat  I,  out 

with  Hneh 

knives. 


'  Percent. 
87.0 
75.5 
56.5 
49.7 
39.5 
38.2 
33.9 


Moisture  in  curd. 


Vat  II,  nit  Vat  III.  out 

with  }-inoh ,  with  ^inch 

knives.         knives. 


Per  cent. 
87.0 
77.0 
61.3 
52.9 
43.1 
41.0 
35.0 


Vat  IV,  cut 

x*ith  J-inch 

knives. 


Percent. 

Per  cent. 

87.0 

87.0 

79.7 

85.0 

()5.6 

70.5 

58.2 

09.8 

46.3 

49.  S 

42.7 

4<'..  0 

1            35.6 

38.  3 
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The  difference  in  moisture  content  between  the  curds  was  much 
greater  just  before  drawing  the  whey  than  when  the  curds  were 
hooped.  The  moisture  content  of  the  |-inch  cubes  reached  58  per 
cent  about  forty-five  minutes  earlier  than  the  J-inch  cubes,  A  pair 
of  3-inch  knives  might  well  l)e  included  in  every  factory  outfit.  The 
advantages  of  using  the  |-inch  knives  instead  of  cutting  the  curd 
many  times  with  the  usual  |-inch  knives  are  quicker  cutting,  more 


v_y 


w  the  curd  W  p««  through  with 

uniform  size  of  cubes  in  the  vat,  and  more  uniform  size  of  cubes  on 
successive  days.  The  g-inch  and  i-inch  curd  knives  used  in  this 
experiment  were  made  with  staggered  blades,  us  shown  in  figure  10, 
so  that  the  compression  which  the  curd  undei^oes  in  passing 
between  the  blades  is  decreased.  There  is  no  difficulty  in  cutting 
the  curd  into  cubes  of  uniform  size  with  knives  constructed  in  this 
manner. 
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The  difference  in  rate  of  moisture  separation,  where  the  different- 
sized  knives  were  used,  is  no  doubt  related  to  the  fact  that  the  sur- 
face area  of  all  the  cubes  cut  from  a  curd  is  inversely  proportional 
to  the  distance  between  the  blades  of  the  knife  used.  The  smaller 
the  cube,  the  less  is  the  distance  which  moisture  travels  in  passing 
from  center  to  surface  of  the  cube. 

Table  11. — Number  and  dimensions  of  cubes  cut  with  different'Sized  knives. 


TWmtaws^  K«*«ri^n       Numbw  of    SoUd  con-       Area  of       «^!i'?lNfii 

^SSSf^f  ^1  v«  cubes  per  •     tenta  of       surface  of     SS^  .il 

blades  of  knives.         cubic  fiot.        cube.  cube.        e^bTfSn 


Indi.  Cu.  in.  Sq.  in.  Sq.  in. 

Three-fourths 4,096  a  422  3.375  13.824 

One-half 13.824  .125  1.50  20.736 


Three-eighths. 
One-fourth 


Cii.  jfl. 

Sq.  in. 

4.096 

a422 

3.375 

13.824 

.125 

1.50 

32,768 

.053 

•  r^44 

,      110,592 

1 

.0156 

.375 

27,656 
41.472 


EFFECT  OF  RENNET  XTPON  8EPABATION  OF  MOISTURE  FROM 

CURD. 

It  is  sometimes  supposed  that  variations  in  the  proportion  of  rennet, 
within  reasonable  limits,  influence  the  rate  at  which  moisture  is 
expelled  from  cxu-d.  Quoting  from  J.  W.  Robertson's  *' Pointers  for 
Cheese  Factories,"  Monrad"  says: 

The  more  rennet  there  is  used  the  more  moisture  will  be  retained  in  the  cheese 
under  similar  conditions.  When  milk  is  overripe  or  acidy  a  proportionately  increased 
quantity  of  rennet  should  be  used  to  effect  a  sufficient  separation  of  the  moisture  from 
the  curd  (often  termed  '* cooking")  before  the  presence  of  lactic  acid  is  perceptible 
to  the  taste  or  smell  or  is  discernible  by  the  hot-iron  test. 

Scherer**  says: 

The  stronger  the  action  of  the  rennet  and  the  sooner  the  casein  is  thrown  down  the 
more  powerful  the  contraction  of  the  curd  and  the  lai^er  the  volume  of  whey  expretu^d. 
This  means  a  reduction  in  the  residual  water  in  the  curd  and  an  increase  in  its  final 
dryness  and  firmness. 

H.  H.  Dean*  says: 

It  is  thought  by  some  that  a  laige  quantity  of  rennet  produces  a  cheese  with  a  great 
deal  of  moisture.  This  is  not  so,  but  rather  the  reverse.  The  length  of  time  from 
setting  to  dipping  and  from  dipping  to  salting  the  curd  does  not  seem  to  be  affected 
by  the  quantity  of  rennet  used  in  the  milk. 

F.  J.  Lloyd,<*  who  studied  factory  conditions  in  England,  writes: 

If  an  excess  of  rennet  be  employed,  then  when  the  scald  is  applied  the  curd  is 
drawn  together  too  rapidly  and  the  whey  is  expressed  before  it  has  had  time  to  per- 

o  Loc.  cit.,  p.  29. 

&  Scherer,  Robert.  Casein:  Its  preparation  and  technical  utilization.  Translated 
from  the  German  by  Charles  Salter.    New  York,  1906.    P.  7. 

c  Dean,  Henry  H.,  Canadian  dairying.    Toronto,  1903.    P.  162. 

d  Lloyd,  F.  J.  Report  on  investigationfl  in  Cheddar  cheese  making,  1891-98.  Lon- 
don, 1899.    P.  104. 

32193— Bull.  122—10 4 
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form  its  proper  function,  namely,  to  enable  the  bacteria  feeding  on  it  to  bring  about 
the  desired  acidity  within  the  curd.  An  excess  of  rennet,  by  contracting  the  curd 
with  too  much  force,  may  also  cause  some  of  the  fat  to  be  pressed  out  of  it  and  lost 
in  the  whey. 

As  these  quotations  indicate,  the  ideas  prevalent  at  present  on  this 
subject  are  based  largely  on  conjectxire. 

It  is  well  known  that  when  more  rennet  is  used  the  milk  thickens 
quicker  and  the  curd  is  ready  to  cut  sooner  and  is  less  fragile  after 
cutting,  biit  whether  the  ciu'd  after  cutting  gives  up  whey  any  faster 
is  a  question  yet  to  be  answered. 

In  the  following  experiment  foiu*  vats  were  set  with  2,  3,  4,  and 
6  ounces  of  rennet  per  1,000  poimds,  respectively,  and  were  cut  forty 
minutes  later.  The  moisture  content  of  the  curds  at  different  stages 
are  indicated  in  Table  12  and  figure  11. 

Table  12. — Influence  of  quantity  of  rennet  on  the  separation  of  whey. 


Time  after 
cutting. 


Ht».  m. 
0  0 
0    30 


1 
1 
2 
3 
4 
5 
5 


10 

50 

90 

0 

0 

0 

30 


Operation. 


Dipped. 


Milled....' 

Salted 

Hooped..  ' 


Moisture  In  ourd. 


Vat  I, 

Vat  II, 

Vat  III, 

rennet  6 

rennet  4  • 

rennet  3 

ounces. 

ounces. 

ounces. 

Per  cerU. 

Per  cent. 

Percent. 

87.0 

87.0 

87.0 

81.0 

81.0 

79.1 

66.8 

66.8 

67.7 

63.0 

61.0 

62.9 

58.2 

55.2 

56.5 

45.4 

46.0 

46.2 

42.0 

42.3 

42.0 

41.0 

40.7 

40.9 

37.8 

37.5 

37.8 

Vat  IV, 
rennet  2 
ounces. 


Percent. 
87.0 
78.2 
65.6 
60. 
56. 
45.8 
42.5 
41.0 
37.8 


7 
3 


Ul 

a. 


CUTTING 

4- 


Fio.  11.— Effect  of  the  use  of  dJflerent  amounts  df  rennet.  The  differences  In  these  curves  are  no  greater 
than  those  In  figure  1,  due  to  experimental  error.  It  will  be  seen  that  the  use  of  different  amounts  of 
rennet  did  not  affect  the  rate  of  separation  of  whey  after  cutting. 
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The  moisture  content  of  these  four  curds  did  not  differ  widely  at 
any  time.  The  variations  are  no  greater  than  the  unavoidable 
variations  due  to  errors  in  cutting,  sampling,  etc.,  shown  in  Table  2 
and  figure  1 .  The  curd  with  least  rennet  appears  to  have  lost  mois- 
ture a  very  little  faster  at  first  than  the  others,  which  slight  difference, 
if  it  did  occur,  may  have  been  due  to  slightly  greater  fragility  of  the 
low-rennet  curd. 

The  conclusion  from  these  and  other  similar  ex[>eriments  is  that 
the  rate  at  which  curds  lose  moistiu^  after  cutting  is  not  affected  by 
variations  in  the  proportions  of  rennet  extract  between  2  and  6 
ounces  per  1 ,000  pounds  of  milk. 

The  cheese  maker  saves  time  by  using  more  rennet,  for  the  reason 
that  the  curd  gets  thick  enough  to  cut  more  quickly,  and  can  be 
stirred  and  heated  a  little  sooner  after  cutting.  When  a  small  pro- 
portion of  rennet  is  used  a  more  fragile  curd  may  be  obtained,  and 
this  may  be  more  extensively  broken  into  smaller  pieces  during  the 
stirring  process,  and  the  separation  of  moisture  thereby  hastened. 
But  this  effect,  if  it  occurs,  is  directly  due  to  the  size  of  the  pieces  of 
curd  and  only  indirectly  to  the  proportion  of  rennet. 

LENGTH   OF  TIME   FROM    SETTING   TO   CUTTING. 

Monrad*»  quotes  Robertson  as  follows: 

The  results  of  late  investigations  recommend  that  the  curd  be  allowed  to  become 
{airly  firm  before  it  is  cut,  except  in  the  case  of  a  quick- working  curd.  More  mois- 
ture is  retained  in  the  cheese  and  a  better  yield  is  thus  obtained. 

Van  Sly ke  and  Publow,^  writing  on  the  control  of  moisture  in 
cheese  making,  say: 

When  the  curd  is  cut  before  it  becomes  hard,  the  whey  escapes  more  easily  than 
in  the  case  of  curd  cut  after  it  becomes  hard.  *  *  *  Among  the  mo«t  common 
causes  of  excessive  water  in  curd  and  cheese  are  the  following:  (1)  Cutting  curd 
coarse  or  when  too  hard.    *    *    * 

Since  increase  in  the  proportion  of  rennet  does  not  affect  the  rate 
at  which  moisture  separates  from  a  curd,  it  might  be  expected  that 
the  length  of  time  the  rennet  is  allowed  to  act  before  the  cutting  of 
the  curd  would  not  influence  the  rate  of  moisture  separation.  That 
this  is  true  was  shown  by  several  experiments,  one  of  which  is 
described  below. 

Two  vats  of  milk  of  0.165  per  cent  acidity  were  heated  to  86°  at 
the  same  time  and  rennet  extract  added  at  once  to  one  at  the  rate  of  4 
ounces  per  1,000  pounds.  Both  vats  were  held  at  86°  and  rennet  was 
added  to  the  second  vat  sixty  minutes  later.  The  milk  had  visibly 
thickened  twelve  minutes  later.  As  the  vats  were  kept  warm  for  the 
same  length  of  time,  the  acidity  of  the  milk  or  whey  was  alike  in  the 


o  Loc.  cit.,  p.  49. 
ft  Loc.  cit.,  pp.  4&-49. 
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two.  In  vats  I  and  II,  respectively,  the  curds  were  cut  one  hour  and 
twenty-six  minutes,  and  thirty-two  minutes  after  adding  rennet. 
The  acidity  of  whey  in  each  was  0.125  per  cent  when  cut  and  0.18 
per  cent  two  and  one-half  hours  later,  when  drawn.  The  moisture 
content  of  the  curd  is  shown  in  Table  13.     (See  also  lig.  12.) 

Table  13. — Moisture  of  curds  cut^  respectively,  eighty-six  minutes  and  thirty-two 

minutes  after  adding  rennet. 


Moisture  in  curd. 


'^^' ,  "p*™""-- 


Vat  I,  cut 
86  minutes 
after  add- 
ing rennet. 


Vat  II. cut 
32  minutes 
after  add- 
ing rennet. 


Hra. 

n 

m. 

0 

30 

30 

30 

0 

0 

0 

20 

1 
t 

Per  cent. 
87.0 
79.25 
66.9 
59.2 
45.2 
42.5 
39. 9 
38.3 

Per  cent. 
87.0 

0 

78.8 

1 

66.8 

2 
3 

Dipped . . . 

60.8 
44.8 

4 

5 

5 

Milled 

Salted 

Hooped . . . 

42.7 
40.4 
38.3 

Fig.  12.— Effect  of  dllTerent  i)eriod.s  of  action  by  the  rennet.  It  will  be  seen  ihat  the  lengtli  of  time  the 
rennet  acted  on  the  curd  from  setting  to  cutting  docs  not  affect  the  rate  at  which  the  moisture  separatee 
after  cutting. 

From  these  experiments  it  is  concluded  that  the  rate  of  separation 
of  moisture  is  not  directly  afl'ected  by  the  action  of  rennet  for  periods 
diflering  by  one  hour  previous  to  cutting.  If  the  curd  develops  more 
acid  as  a  result  of  standing  longer  before  cutting,  any  observed  differ- 
ence in  the  rate  of  whey  separation  may  be  due  to  the  increased 
acidity  but  not  to  more  prolonged  action  of  reimet  before  cutting.  If 
a  curd  is  cut  so  early  that  it  is  veiy  fragile  and  breaks  up  badly,  any 
increased  rate  of  firming  must  be  ascribed  directly  to  the  decreased 
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size  of  the  i)articles  of  curd  and  not  to  the  period  of  time  from  setting 
to  cutting. 

In  another  experiment  1,000  pounds  of  milk  was  pasteurized  at 
160°  to  165°  in  a  continuous  pasteurizer  of  the  disk  type.  The  milk 
was  then  collected  in  one  large  vat,  thoroughly  mixed,  and  four  200- 
pound  portions  were  placed  in  the  experimental  vats.  The  acidity 
was  0.16  per  cent  after  pasteurizing,  and  in  order  to  make  the  milk 
coagulate  easily  with  rennet  the  acidity  was  raised  to  0.20  per  cent 
b^'  a(hling  453  c.  c.  of  dilute  hydrocliloric  acid  to  each  vat.  One  vat 
was  set  w^ith  rennet  at  the  rate  of  2  ounces  and  the  other  three  vats 
at  the  rate  of  cme-fourth  ounce.  The  three  latter  vats  were  cut  three, 
four,  and  five  hours,  respectively,  after  adding  rennet.  The  milk  was 
pasteurize<l  to  prevent  ripening  during  these  periods.  The  curds 
were  han<lled  in  a  uniform  manner  in  all  respects,  unless  othenivise 
stated.  The  time  of  the  various  operations  and  the  moisture  content 
of  each  curd  is  shown  in  Table  14. 


Table  14 


Effect  of  varying  the  projxtrtion  of  rennet  and  the  time  from  setting  to  cutting 
upon  the  rate  of  moisture  separation. 


Moisture  in  curd. 

Time  after 

Vat  I,  \ 

Vat  II,  J 

Vat  III,  i 

Vat  IV,  2 
ounces 
rennet; 

curd  cut 
in  40 

minutes. 

Per  cent. 

outting. 

ounce  ren- 

ounce ren- 

ounce ren- 

net; curd 

net;  curd 

net;  curd 

cut  in  5 

cut  in  4 

cut  in  3 

hours. 

hours. 

hours. 

11t8.  m. 

Per  cent. 

Percent. 

Per  cent. 

0     0 

87.0 

87.0 

87.0 

87.0 

0    30 

80.8 

80.4 

80.7 

81.4 

I      0 

74.3 

74.4 

73.1 

73.0 

1    30 

71.1 

70.7 

70.7 

71.4 

2      0 

68.1 

68.5 

67.9 

67.3 

2    30 

67.4 

67.0 

67.0 

66.2 

The  figures  are  practically  identical  for  the  four  vats,  showing  that 
where  acidity  <loes  not  rise  by  ripening,  the  rate  of  moisture  separa- 
tion is  not  affected  by  variations  in  the  time  from  setting  to  cutting, 
nor  in  the  proportion  of  rennet  used. 

INFIiXTENCE  OF  ACXDITY  ON  MOISTUBE  OF  CX7BD  IN  VAT. 

In  discussing  this  topic  it  is  necessary  to  consider  the  sources  of 
acidity  and  the  accuracy  with  which  the  acid  content  of  a  curd  can 
be  determined  by  the  methods  in  common  use. 

FORMATION   OF   ACID   WITHIN   THE   CURD. 

Acidity  is  commonly  developed  in  milk  for  cheese  making  by 
bacterial  ripening.  Since  most  of  the  bacteria  present  in  milk  remain 
in  the  curd  **  during  the  separation  of  whey,  it  follows  that  the  prin- 

«  L.  D.Bushnell,  bacteriologist,  formerly  in  the  employ  of  the  Dairy  Division,  found 
that  95  to  98  per  cent  of  the  bacteria  present  in  milk  are  retained  in  the  curd  after  the 
latter  has  been  cut  into  cubes. 
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cipal  seat  of  acid  formation  in  the  cheese  vat  is  in  the  curd.    This 
fact  may  be  demonstrated  by  two  simple  experiments,  as  follows: 

1.  Soon  after  cutting  the  curd  take  a  pint  of  the  whey  from  the  vat 
and  place  it  in  a  small  tin  bucket.  Hang  this  in  the  vat  so  as  to  keep 
it  at  the  same  temperature  as  the  vat.  Determine  the  acidity  of 
the  whey  in  the  bucket  and  that  in  the  vat  at  thirty-minute  intervals. 
After  the  portion  of  whey  is  removed  from  contact  with  the  curd  its 
acidity  remains  practically  constant  for  several  hours,  while  the 
acidity  of  the  whey  in  the  vat  increases  steadily,  showing  that  in- 
creased acidity  of  whey  is  a  result  of  contact  with  curd  and  transfer  of 
acid  therefrom. 

2.  Place  a  portion  of  curd  with  some  whey  in  a  bucket  soon  after 
cutting  and  keep  it  warm,  as  before.  Pour  the  whey  out  of  the  bucket 
as  fast  as  it  separates  from  the  curd,  leaving  only  enough  whey  to 
keep  the  curd  covered,  and  stir  to  prevent  matting.  Determine 
acidity  of  whey  in  bucket  and  vat  at  intervals.  In  the  bucket,  where 
the  proportion  of  whey  to  curd  is  smaller  than  in  the  vat,  the  acidity 
of  the  whey  rises  more  rapidly  than  in  the  vat.  This  is  because  the 
acid  coming  out  of  the  curd  in  the  bucket  is  diluted  with  a  smaller 
proportion  of  whey  than  is  the  case  in  the  vat,  and  it  shows  that  the 
rate  at  which  the  acidity  of  whey  rises  depends  on  the  proportion  of 
curd  in  contact  with  it,  and  that  therefore  the  curd  is  the  principal 
source  of  acid. 

DETERMINATION   OF   ACIDITY   TTrTHIN   THE    CURD. 

As  ripening  progresses,  the  concentration  of  acid  within  the  curd 
rises  higher  than  in  the  surrounding  whey  on  account  of  the  bacterial 
activity  in  the  curd.     This  is  shown  by  the  following  experiment: 

To  1,000  pounds  of  milk  of  0.16  per  cent  acidity  was  added  1 
pound  of  starter,  and  after  ripening  for  one  hour  at  86°  the  vat  was 
set  with  4  ounces  of  rennet  per  1,000  pounds,  and  cut  thirty  minutes 
later.  Heat  was  applied  fifteen  minutes  after  cutting,  and  the  tem- 
perature reached  100°  fifteen  minutes  later.  The  whey  above  the 
curd  was  titrated  at  frequent  intervals,  the  vat  being  stirred  well 
before  sampling.  The  ratio  of  acid  to  moisture  within  the  curd — 
that  is,  the  concentration  of  the  acid  solution  within  the  curd — was 
also  determined  by  taking  representative  samples  of  the  curd,  remov- 
ing adhering  moisture  by  the  use  of  filter  paper,  and  making  deter- 
minations of  moisture  and  of  acid  therein. 

Two  10-gram  portions  of  each  sample  were  used  for  moisture  deter- 
mination in  the  usual  manner.  Two  10-gram  portions  were  at  once 
placed  in  two  clean  porcelain  mortars,  rubbed  with  clean  quartz  sand 
and  water,  filtered  on  absorbent  cotton,  and  washed  by  decantation 
in  the  mortar  (the  sand  may  be  omitted).  In  previous  work  it  has 
been  found  that  the  curd,  ground  in  cold  water,  made  a  very  sticky 
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emulsion,  which  could  not  be  filtered  on  paper  or  cotton,  but  by  th< 
addition  of  warm  water  to  the  mass  of  curd  and  sand  the  fine  parti 
cles  of  curd  collected  quickly  in  a  loose,  friable  cake,  so  that  th< 
aqueous  solution  of  lactic  acid  could  be  decanted  and  filtered  with  m 
trouble  or  delay.  The  cake  of  curd  and  sand  was  then  ground  witl 
more  water  and  decanted.  Very  hot  water  makes  the  ground  cure 
form  a  rubbery  mass,  which  can  not  be  ground  up,  but  water  at  60  t( 
70*^  C.  permits  the  curd  to  be  washed  rapidly  and  completely. 

The  filtrate  from  each  10-gram  portion  of  curd,  amounting  to  20( 
c-  c,  was  turbid  from  fat  globules,  but  contained  no  suspended  cure 
particles,  and  was  titrated  with  N/10  caustic  alkali,  using  phenolphtha 
lein. 

Knowing  the  weight  of  moisture  (a)  in  10  grams  of  curd  and  th< 
we^ht  of  acid  (ft)  extracted  from  10  grams  of  the  same,  the  percentagi 
of  lactic  acid  in  the  water  contained  in  the  curd  is  calculated  by  di- 
viding b  by  a.     The  results  thus  obtained  are  given  in  Table  15 
The  acidity  of  the  whey  within  the  curd  reached  0.62  per  cent  whei 
the  acidity  of  whey  surrounding  the  curd  was  0.215  per  cent.     ITndei 
these  conditions  it  is  clear  that  the  determination  of  the  acidity  o: 
whev    by  titration,  does  not  indicate  exactly  the  concentration  o\ 
acid  in  the  solution  within  the  curd.     (See  fig.  13.) 

Table  15. — Acidity  of  whey  outside  and  intide  of  the  curd. 


Time  after 
cutting. 


Hra.  m. 
0  30 
0 
1 
1 
2 
2 
2 
3 
3 
4 


50 
10 
30 
0 
20 
50 
20 
50 
10 


Acidity  of  •  Acidity  of 
whey  out-  |   whev  in- 
side of  curd,  side  of  curd. 


Fio.  13.— Showing  the  proportions  of  acid  within  and  around  the 
cubes  in  the  vat.  The  acidity  of  the  whey  within  tlie  cubes  rose 
to  0.62  per  cent,  while  that  of  the  surrounding  whey  reached  only 
0:22  percent. 
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EXPERIMENTS  AT   CONSTANT  AND   VARYING   ACIDITY. 

If  milk  at  any  degree  of  acidity — as  0.25  per  cent — is  pasteurized 
before  adding  rennet,  the  acidity  of  the  whey  in  or  surrounding  the 
curd  does  not  increase  during  two  or  three  hours  after  cutting. 
While  pasteurization  has  not  been  widely  used  in  practical  cheese 
making,  it  is  used  in  experimental  work  where  it  is  desired  to  hold 
milk  at  a  definite  acidity  for  some  hours  during  the  cheese-making 
process.  When  the  acidity  of  whey  does  not  change  during  the  proc- 
ess of  firming  it  is  clear  that  the  concentration  of  acid  within  the 
curd  is  no  greater  than  in  the  surrounding  whey,  and  titration  of  the 
surrounding  whey  indicates  also  the  acidity  of  the  whey  retained  in 
the  curd.  By  adding  to  pasteurized  milk,  either  before  or  after 
pasteurizing,  any  desired  proportion  of  hydrochloric  or  other  acid, 
avoiding  coagulation  by  acid,  the  acidity  of  the  milk  and  of  the 
whey,  after  cutting  the  rennet  curd,  may  be  brought  to  any  figure 
required  for  experimental  purposes,  and  held  there  as  long  as  bac- 
terial action  is  suppressed.  There  is  thus  afforded  opportunity  for 
studying  the  removal  of  moisture  from  curd  in  the  following  ways: 

1.  Under  conditions  of  constant  acidity,  or  either  high  or  low  con- 
centration, produced  either  by  the  action  of  bacteria  or  by  the  addi- 
tion of  acid  to  the  milk. 

2.  Under  conditions  of  changing  acidity  as  observed  in  the  cheese 
vat  under  factory  conditions. 

It  is  believed  that  the  study  of  results  obtained  under  fixed  con- 
ditions of  acidity  will  enable  us  to  understand  more  readily  the 
effect  of  changing  conditions  of  acidity  which  occur  in  the  factoiy 
cheese  vat. 

SEPARATION    OF    MOISTURE    FROM    CURD    AT    CONSTANT    ACIDITY    BY 

HYDROCHLORIC   ACID. 

An  experiment  was  made  with  1,100  pounds  of  milk  of  0.17  per 
cent  acidity,  pasteurized  at  150°  in  the  Farrington  duplex  pasteurizer, 
and  200-pound  portions  placed  in  three  vats.  The  acidity  of  one  of 
these  was  raised  to  0.25  per  cent,  calculated  as  lactic  acid,  by  adding 
a  pound  of  dilute  hydrochloric  acid;  another  vat  was  raised  to  0.20 
per  cent  with  acid,  and  one  was  kept  at  0.17  per  cent.  All  were 
heated  to  86*^  and  set  with  rennet  at  the  rate  of  3  ounces  per  1,000 
pounds.  The  curds  were  cut  into  ^-inch  cubes,  and  fifteen  minutes 
after  cutting  heat  was  applied  to  each;  twenty  minutes  later  all  had 
reached  104°.  There  was  practically  no  increase  in  acidity  in  three 
hours  or  more  after  cutting. 

The  moisture  content  and  acidity  of  whey  in  these  vats  is  shown  in 
Tables  16  and  17,  and  the  effect  of  acidity  on  rate  of  separation  of 
whey  from  curd  is  shown  in  figure  14. 
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Tabui  16. — Moisture  eonUnt  ofcurdi  of  different  but  fixed  acidity. 


Time  after 

Moisture  In  curd. 

cutting. 

Vat  I, 

Vat  II, 

Vat  III, 

acidity  0.17  acidity  0.20 

acidity  0.26 

per  cent. 

per  cent. 
Percent. 

per  cent. 

Hrt.  m. 

Percent. 

Percent. 

0     0 

87.0 

87.0 

87.0 

0   30 

82.4 

81.3 

79.6 

1     0 

.  74.5 

72.5 

67.1 

1    30 

72.2 

09.0 

64.2 

2     0 

70.7 

67.1 

62.9 

3     0 

68.8 

65.2 

58.6 

i; 


1 


Table  17. — Acidity  of  whey  in  cheese  of  Table  16. 


Vat  I. 


Vat  II. 


Vat  III. 


Time  after 
cutting. 

Acidity. 

Hra.  m. 

0     0 
2    20 
5    15 

Percent. 

0.11 

.12 

.13 

Time  after 
cutting. 

Acidity. 

Time  after 
cutting. 

Hrs.  m. 
0     0 

2  20 

3  20 

4  10 

Hrs.  m. 
0     0 

2  20 

3  20 

4  13 

Percent. 

0.13 

.133 

.138 

.142 

Acidity. 


PercerU. 

0.17 

.174 

.177 

.177 


ACIDITY  WHEN  SET 
.17  PEff  CENT- 
-.20     )» 


111 

q: 

o 

Z 

^60 


^: 


VATI 

)>  n- 


HOURS  AFTER    CUTTING 
I  2 


u 
o 

(t 

111 

aso 

FiQ.  14.— Effect  of  oddity  on  rate  of  separation  of  whey  from  curd. 
The  milk  was  acidulated  by  adding  hydrochloric  acid.  Fncreas- 
ing  the  acidity  aooelerated  the  whey  separation. 

TThese  and  other  data  show  that  moisture  separates  from  curd 
more  rapidly  when  the  concentration  of  acid  in  solution  in  the  whey 
within  and  around  the  curd  is  0.17  per  cent  than  when  it  is  0.13  or 
0.1 1  per  cent,  and  more  rapidly  at  0.13  per  cent  than  at  0.11  per  cent. 
Since  there  was  practically  no  change  in  the  acidity  of  the  whey 
surrounding  the  curd,  it  is  certain  that  the  acidity  within  tlie  curd 
remained  at  the  observed  figures  during  the  period  after  cutting. 
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SEPARATION   OF  MOISTURE   FROM   RIPENED  MILK   CURD   AT  FIXED 

ACIDITIES. 

In  the  following  experiment  the  acidity  of  the  milk  was  raised  by 
ripening,  not  hydrochloric  acid,  to  0.177,  0.21,  and  0.26  per  cent, 
respectively,  in  the  three  vats.  The  milk  was  then  heated  to  150° 
in  the  vats  by  passing  steam  into  the  jackets,  and  cooled  by  filling 
the  jackets  with  cold  water,  stirring  all  the  time.  After  pasteurizing, 
each  vat  was  set  at  86°  wath  3  ounces  of  rennet  per  1,000  pounds. 
The  milk  became  visibly  thickened  in  eleven,  seven,  and  four  minutes, 
respectively,  and  the  curds  were  cut  into  J-inch  cubes  twenty-nine, 
twenty-one,  and  eighteen  minutes  after  adding  rennet.  The  moisture 
content  of  the  curds  and  the  acidity  of  the  wheys  are  shown  in 
Tables  18  and  19.     (See  also  fig.  15.) 

Table  18. — Moisture  content  of  curds  ripened  to  different  degrees  and  pasteurized. 


Time  after 
cutting. 


Moisture  In  curd. 


Brs,  171. 
0     0 


0 

1 


30 
0 


1  30 

2  0 
2    30 


Vat  I,  acid- 
ity 0.177 
per  cent. 


Per  cent. 
87.0 
82.2 
74.4 
71.1 


67.5 


Vat  II, 

Vat  III, 

acldltv().21 

acidity  0.26 

per  cent. 

per  cent. 

Per  cent. 

Per  cent. 

87.0 

87.0 

81.8 

80.7 

73.1 

71.7 

GO.  8 

67.8 

68.0 

64.5 

()6.9 

63.3 

Table  19. — Acidity  ofivhey  in  cheese  of  Table  18. 


Vat  I. 

Vat  II. 

Vat  III. 

Time  alter 
cutting. 

Acidity. 

Time  after 
cutting. 

Hts.  m . 
0     0 
2    35 

Acidity. 

Time  after 
cutting. 

Hts.  to. 
0     0 

Acidity. 

Ht8.  to. 
0     0 
0    55 

2  5 

3  0 

Per  cent. 

0.125 

.125 

.125 

.137 

Per  cent. 
0.14 
.142 

Per  cent. 
0.18 

3      0               . 153 

2    30 

.19 

AaOfTY  WHEN  SET 
m  PER  CENT- 

^6    »>        ♦>    - 


ft 
lU 

a. 


60 


HOURS  f\FTER  CUTTWCS 
I 


VATI 

- »   n — 


Fio.  15.— Effect  of  ripening  milk  to  dllTerent  degrees  of  acidity  and 
then  pasteurizing  It  before  setting.  The  Increase  In  the  peroent- 
age  of  acid  accelerated  the  rate  of  whey  separation. 
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In  this  experiment  the  acidity  of  the  surrounding  whey  was  the 
same  as  the  acidity  of  whey  within  the  curd,  since  no  increase  of 
acidity  occurred  at  any  time  after  cutting  the  curd. 

The  curds  with  higher  acid  content  gave  up  whey  more  rapidly 
than  those  of  lower  acidity.  The  moisture  content  fell  more  rapidly 
during  the  second  half  hour  because  the  temperature  was  raised. 
After  the  first  hour  the  moisture  content  decreased  more  slowly  and 
did  not  go  below  63  per  cent  in  two  and  one-half  hours  after  cutting. 

SEPARATION   OF  MOISTURE   FROM   CURD   OF   VARYING   ACIDITY. 

In  this  experiment  four  vats  of  milk  were  used.     One  was  set  as 

soon  as  possible  at  0.17  per  cent  acidity  and  86''.    The  second  was 

held  at  86°  for  one  hour  before  setting,  and,  although  the  acidity  was 

0.17  per  cent  when  set,  the  acidity  of  the  whey  rose  faster  after  cutting 

than  in  vat  I.     In  vat  III  the  milk  was  ripened  to  0.185  per  cent,  and 

in  vat  rVto  0.20  per  cent  before  adding  rennet.     The  curds  were  not 

stirred  on  the  rack  and  were  handled  exactly  alike.     The  acidity  of 

the  wheys  and  the  moisture  content  of  the  curds  at  various  intervals 

are  given  in  Tables  20  and  21,  and  the  effect  of  setting  the  milk  at 

difTerent  degrees  of  ripeness  is  shown  in  figure  16. 

Table  20.~  Maistvre  content  of  curds  with  varying  ripeness. 


Time  after 

Operation. 

• 

Moisture  in  curd. 

cutting. 

Vat  I. 

Percent. 
87.0 
82.0 
67.6 
63.0 
540 
49.4 
43.5 
4a3 
38.0 

Vat  II. 

Vat  III. 

Vat  IV. 

Hrs.  m. 
0     0 

Percent. 
87.0 
81.2 
65.7 
60.8 
50.5 
45.8 
42.9 
40.0 
36.7 

Percent. 
87.0 
77.5 
62.9 
56.6 
49.3 
44.7 
42.4 
39.0 
36.3 

Percent. 
87.0 
76.8 
61.0 
66.7 
51.0 
48.3 
44.8 
41.1 
40.6 

0    30 

1    30 

2    30 
2    45 

Dipped... 

3      0 

4      0 
6      0 
6    20 

MiUed 

Salted 

Hooped . . . 

Table  21. — Acidity  of  whey  from  curds  of  varying  ripeness. 


Vat  I. 

Vat  II. 

Vat  III. 

Vat  IV. 

Time 

after 

catting. 

Acidity. 

Time 

after 

cutting. 

Acidity. 

Time 

after 

cutting. 

Acidity. 

Time 

after 

cutting. 

Acidity. 

Htm.  fn. 
0      6 

0  36 

1  33 

1  58 

2  90 

Percent. 
a  114 
.110 
.125 
.131 
.134 

Hrt.  min. 
0     3 

0  36 

1  0 

1  31 

2  4 

Percent. 
a  115 
.122 
.130 
.140 
.150 

nira.  min. 
0     8 

0  50 

1  13 

1  47 

2  8 
2    30 

Percent. 
0.125 
.140 
.149 
.157 
.174 
.180 

Hre.  min. 
0      6 
0    24 

0  46 

1  16 

1  49 

2  30 

Percent. 
0.142 
.150 
.167 
.175 
.217 
.250 
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Fig.  16.— Effect  of  setting  the  milk  at  different  degrees  of  ripeness.  Curve  IV  is  lower  than  curves  I,  II, 
and  III  at  first,  but  crosses  them  between  two  and  one-half  and  three  and  one-half  hours  after  cutting 
and  remains  higher.  This  shows  the  characteristic  tendency  of  high-acid  curds  to  retain  more  moisture 
than  curds  of  moderate  acidity. 

Where  acidity  is  developing  briskly  in  the  curd,  as  in  vat  III,  the 
moisture  content  of  the  curd  falls  readily  to  58  per  cent  or  less  in 
two  and  one-half  hours  after  cutting,  but  where  there  is  little  acid 
development,  as  in  vat  I,  the  moisture  content  falls  more  slowly. 

The  high  proportion  of  acid  in  vat  IV  caused  the  curd  to  feel  very 
soft  at  the  time  of  dipping,  though  it  had  no  more  moisture  at  that 
time  than  the  curd  in  vat  III,  which  did  not  feel  soft.  The  soft 
condition  of  curd  in  vat  IV  was  probably  due  to  the  chemical  influence 
of  acid  on  the  curd;  it  certainly  was  not  due  to  excessive  moisture. 

The  high-acid  curd  in  vat  IV  lost  moisture  le^s  rapidly  on  the  rack 
than  the  others,  so  that  when  milled,  salted,  and  hooped  it  had  more 
moisture  than  those  of  medium  acidity.  This  effect  accompanied 
such  high  acidity  in  all  cases. 

In  the  preceding  experiments  the  rate  at  which  moisture  separates 
from  curd  in  the  whey  was  shown  to  be  more  rapid  at  moderately 
high  than  at  low  acidity,  but  in  this  experiment  it  is  seen  that  after 
the  acidity  of  the  whey  passed  above  0.18  per  cent,  as  in  vat  IV, 
the  rate  of  moisture  separation  was  not  proportionately  increased. 
The  curd  in  vat  IV,  when  dipped  at  a  whey  acidity  of  0.25  per  cent, 
had  no  less  a  content  of  moisture  than  the  curd  in  vat  III,  dipped  at 
a  whey  acidity  of  0.18  per  cent. 

Another  similar  experiment  will  be  described  in  which  the  same 
effects  produced  by  varying  acidity  can  be  seen.  In  this  experiment 
four  vats  of  milk  were  used.  One  w^as  set  at  0.16  per  cent  acidity, 
using  no  starter.  The  second  was  held  at  86°  for  one  hour  and 
set  at  0.17  per  cent  acidity.     To  the  third  1  per  cent  of  starter  was 
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added,  and  after  ripening  one  and  one-half  hours  it  was  set  at  0.19 

per  cent-     The  fourth  vat  was  ripened  one  and  three-fourths  hours 

with  2  per  cent  starter  and  set  at  0.20  per  cent.     The  acidity  of  the 

whey  when  drawn  two  and  one-half  hours  after  cutting  was  0.13, 

0.16,  0-21,   and  0.27  per  cent,  respectively,  in  the  four  vats.    The 

moisture  content  of  the  curds  is  given  in  Table  22.     The  curd  in 

vat  IV,  set  at  0.20  per  cent  and  drawn  at  0.27  per  cent  acidity,  did 

not  loose  moisture  any  faster  in  the  whey  than  vat  III,  which  was 

iset  at  0.19  and  drawn  at  0.22  per  cent  acidity.     (See  fig.  17.) 

Table  22. — Moisture  content  of  curds  cut  and  finned  at  various  degrees  of  acidity. 


Operation. 

Acidity. 

Vat  I. 

Vat  II. 

Vat  III. 

Vat  IV. 

When  set 

When  cut 

When  drawn 

Percent. 
0.16 
.105 
.13 

Percent. 
0.17 
.115 
.16 

Per  cent. 
0.19 
.127 
.22 

Percent. 

0.20 

.15 

.27 

Time  after  cutting. 

Moisture. 

Hr9.  TO. 
0     0 

0  30 

1  10 
1    50 

Percent. 
87.0 
81.2 

Percent. 
87.0 
7V.1 
70.0 

Per  cent. 
87.0 
79.5 
66.9 

Percent. 
87.0 
78.9 
66. 8 

69.3 
66.5 

66.2 
63.3 

2    30 

58.3 

50.0 

o 
q: 

U 

u 
q: 

z 
u 
u 

q: 

UJ 

a. 


87 


80 


70 


60 


50 


HOURS  AFTER    CUTTIN6 
I  2 


Fig.  17.— The  same  aa  figure  16,  except  that  curd  IV  waa  riper. 

In  handling  curds  from  overripe  milk  in  a  factory  it  should  be 
remembered  that  when  the  whey  acidity  passes  above  0.18  per  cent 
the  rate  of  separation  of  moisture  from  curd  increases  very  little,  if 
any,  and  there  is  little  to  be  gained,  as  to  firmness  of  curd,  by  pro- 
longing the  time  that  the  curd  remains  in  the  whey.  The  very  soft 
feeling  which  persists  in  a  curd  from  overripe  milk  is  often  due  to 
high  acidity  and  not  to  excessive  moisture. 
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THE   USE   OF   UNRIPENED   MU.K   IN    CHEESE    MAKING. 

The  system  of  setting  milk  for  Cheddar  cheese  with  reimet  while 
very  sweet  and  without  starter  has  gone  out  of  use."  The  method 
nearest  to  it  among  those  now  practiced  is  to  add  starter  and  set 
the  milk  without  ripening,  or  to  set  the  vat  w^ithout  starter,  fairly 
sweet,  in  the  belief  that  acidity  will  develop  rapidly.  In  either  of 
these  cases  the  development  of  acid  may  be  slower  than  expected, 
and  sometimes  it  does  not  begin  before  the  curd  has  been  an  hour 
or  more  in  the  whey. 

In  cases  where  acidity  is  lacking  after  cutting,  the  moisture  con- 
tent decreases  fairly  rapidly  down  to  about  65  per  cent,  or  a  little 
more  or  less  according  to  the  temperatures  and  size  of  cubes,  but 
below  this  figure  the  decrease  is  very^  slow.  If  rapid  formation  of 
acid  begins  late  in  the  process,  an  increase  in  the  rate  of  moisture 
separation  may  be  observed,  as  was  the  case  in  the  experiment 
shown  in  Table  23  and  figure  18.  The  increased  rate  of  moisture 
separation  is  shown  in  the  figure  by  the  downward  bend  of  the  curve 
at  the  time  when  the  acidity  began  to  increase  rapidly,  three  hours 
after  cutting. 

Table  23. — Rate  of  Mparation  of  moisture  from  curd  when  rapid  aevelojmient  of  add 

begins  late  in  the  process. 


Time  after 
cutting. 


Hrt.  m. 

0  0 
0  30 
0    48 


1 
1 
2 
2 
2 
3 
3 
4 
4 


0 
30 

0 
10 
30 

0 
30 

0 
30 


Moisture 

content  of 

curd. 

Acid  con- 
tent of 
whey. 

Per  cent. 
87.0 

Per  cent. 

80.5 

0. 115 

73.8 

G8.8 

66.7 

.128 

65.2 

64.0 
62.4 
59.4 
56.9 

.137 
.145 
.155 
.172 

Fio.  18. — Showing  Increased  rate  of  moisture  separation  due  to 
rapid  increafiie  of  acidity  at  late  sta^ie. 


*»  Arnold,  L.  B.    American  dairying.     Rochester,  N.  Y.,  1876.     P,  327. 
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The  figures  show  wliat  takes  place  in  a  vat  of  milk  in  which  little 
or  no  acid  formation  occurs  immediately  after  cutting,  such  as  is 
occasionally  met  with  to-day,  and  also  shows  why  the  old-time 
cheese  makers  could  leave  a  sweet-milk  curd  in  the  whey  for  a  num- 
ber of  hours  without  getting  an  excessively  dry  cheese.  In  the  ab- 
sence of  lactic  acid,  the  removal  of  moisture  from  curd  is  automat- 
ically checked  at  about  65  per  cent,  and  the  effects  of  modifying  the 
early  steps  of  the  process  as  to  temp^ratui*e  and  time  and  rate  of 
heating  the  vat  are  practically  obliterated  in  two  hours  after  heating 
the  vat.     Examples  of  these  are  shown  in  tables  6  and  9. 

The  tenacity  with  which  the  remaining  moisture  is  held  is  perhaps 
due  to  chemical  attractions  between  the  water  and  the  other  milk 
constituents.  With  the  appearance  of  a  new  factor,  lactic  acid, 
whose  presence  introduces  new  attractions,  the  moisture  readily 
falls  to  50  or  55  per  cent  in  the  curd.  At  this  point,  again,  the  rate 
of  moisture  separation  decreases,  showing  that,  in  general,  the 
lower  the  moisture  content  falls  the  more  tightly  is  the  moisture 
held  by  the  curd. 

THE   USE   OF  PARTLY   RIPENED  MILK   FOR   CHEESE    MAKING. 

The  system  of  regulating  acidity  most  commonly  employed  since 
starters  and  acid  and  rennet  tests  came  into  use  consists  in  getting 
the  acidity  up  to  0.17  or  0.19  per  cent  in  the  milk  and  observing  that 
an  increase  of  acidity  is  really  occurring  in  the  vat  before  adding  ren- 
net, so  that  the  operator  has  reason  to  believe  that  acid  formation 
will  continue  at  a  fairly  rapid  rate  after  cutting. 

The  conditions  of  acidity  at  present  sought  are  described  more  in 
detail  at  the  beginning  of  this  bulletin,  and  under  these  conditions 
the  moisture  content  of  curd  falls  fairly  rapidly  to  about  50  or  55  per 
cent,  instead  of  practically  stopping  at  63  to  68  per  cent,  as  occurs 
with  unripened  milk  curds.  As  previously  stated,  it  is  the  custom 
at  present  to  have  about  0.17  per  cent  of  acid  in  the  whey  by  the  time 
the  curd  is  firm,  but  a  smaller  development  of  acid  will  suffice  to 
bring  down  the  moisture  content  to  55  per  cent  in  the  curd.  There- 
fore, to  insure  so  far  as  possible  that  0.17  per  cent  of  acid,  instead 
of  0.15  per  cent,  for  example,  is  present  in  the  whey  by  the  time 
the  curd  is  firm  enough  to  dip  without  unnecessary  loss  of  fat,  the 
cheese  maker  has  to  judge  for  himself  before  adding  rennet  whether 
acidity  is  increasing  at  a  suitable  rate. 

IHFI^TTENCE  OF  FASTETJBIZ ATION  ON  SEPABATION  OF  WHEY  FROM 

CXTKD, 

There  is  no  question  that  pasteurization  of  the  milk  checks  acid 
development  in  the  curd.  In  addition,  the  heating  of  the  milk  may 
affect  the  constitution  of  the  casein,  or  its  relation  to  the  water  pres- 
ent, in  such  a  way  as  to  iniluence  the  ease  and  the  rate  of  separating 
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the  whey.  This  point  was  tested  in  an  experiment  with  three  vats 
of  milk.  The  milk  in  vat  III  was  set  at  0.17  per  cent  acidity,  cut  at 
0.115  per  cent,  and  three  hours  and  fifteen  minutes  later  the  acidity 
had  reached  0.135  per  cent,  showing  that  the  rate  of  acid  develop- 
ment was  very  slight.  In  vat  II  twice  as  much  of  the  same  lot  of 
milk  was  placed  and  ripened  with  1  per  cent  starter  for  two  hours, 
which  brought  the  acidity  to  0.19  per  cent.  The  acidity  of  the  whey 
in  vat  II  when  cut  was  0.14  per  cent,  and  three  hours  and  ten  minutes 
later  it  was  0.24  per  cent.  Just  before  setting  vat  II,  half  of  the 
milk  was  transferred  from  it  to  vat  I  and  there  heated  rapidly  to 
150°  and  cooled.  The  heating  required  four  minutes  and  the  cooling 
twenty-five  minutes.  Each  vat  was  set  with  4  ounces  of  rennet  per 
1,000  pounds  of  milk  at  86°,  and  the  curds  were  cut,  heated,  and 
handled  alike  in  all  respects.  The  moisture  content  of  the  curd  is 
shown  in  Table  24.     (See  also  fig.  19.) 

Table  24. — Compcariaon  of  moisture  content  of  curds  from  sweety  ripened^  and  pasteurized 

milk. 


Time 

after 

cutting. 

Vat  III. 
sweet 
mUk. 

Per  cent. 
87.0 
81.0 
75.1 
71.5 
7a  0 

Vat  II. 

ripe 

milk. 

Per  cent. 
87.0 
80.2 
69.4 
63.3 
6a5 

Vat  I. 
pasteur- 
ised milk. 

Hra.  m. 
0     0 

0  30 

1  0 

1  30 

2  30 

2  30 

3  0 

3  30 

4  0 

Percent. 
87.0 
82.5 
75.0 

7a  9 

6&6 

66.7 

56.4 

65.5 

61.8 

1 

Fio.  19.— Effect  of  sweet,  ripe,  and  ripe  pasteurized  milk  on  rate  of 

moisture  separation. 

The  milk  in  vat  I,  set  at  0.19  per  cent  acidity,  after  pasteurizing 
gave  up  its  whey  at  about  the  same  rate  as  the  sweet  milk  in  vat  III 
set  at  0.17  per  cent.  There  was  a  slight  increase  of  whey  acidity  in 
vat  III,  but  none  in  vat  I.     From  this  it  appears  that  the  rate  at 
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which  moisture  separates  from  curd  when  the  milk  is  pasteurized 
is  about  the  same  as  when  the  milk  is  siveet  and  practically  uninocu- 
lated  with  bacteria. 

Further  study  of  the  relation  of  pasteurization  to  cheese-making 
is  in  progress  and  will  be  reported  later. 

BFFECT  OF  PBB8SX7B.B  ON  1COI8TT7BB  CONTBNT  OF  CXTBD. 

It  is  generally  supposed  that  pressure  applied  to  the  curd  in  the 
press  does  not  drive  moisture  from  the  interior  of  the  curd  cubes, 
but  removes  only  that  which  is  on  the  surface.  The  following 
quotation  from  Decker**  expresses  the  facts,  so  far  as  they  could 
be  observed  in  the  course  of  ordinary  factory  work: 

The  idea  that  we  make  a  cheese  dry  by  preesing  it  is  an  erroneous  one.  The  whey 
must  be  removed  from  the  curd  while  it  is  in  the  vat;  if  it  is  not,  no  amount  of  squeez- 
ing in  the  press  will  expel  it. 

While  it  is  impossible  to  get  a  very  moist  curd  dry  and  firm  by 
ordinary  squeezing  in  the  press,  yet  a  notable  proportion  of  water 
is  removed  by  pressure,  as  showTi  by  the  following  experiment: 
Four  curds  were  sampled  just  before  hooping,  by  use  of  the  sharp 
brass  sampling  tube.  Two  portions  of  each  sample  were  placed 
in  tin  boxes  and  weighed.  Two  similar  portions  were  carefully 
wiped,  piece  by  piece,  with  filter  paper,  then  placed  in  boxes  and 
weighed.  The  filter  paper  removed  all  surface  moisture.  The  next 
morning,  as  soon  as  the  curds  came  out  of  the  press,  they  were 
sampled  again  with  an  ordinary  cheese  trier  at  a  point  about  halfway 
between  the  center  and  the  edge.  The  samples  were  all  dried  in  the 
oven  at  the  same  time.  The  results  show  that  the  loss  by  wiping 
is  on  the  average  0.3  per  cent  and  by  pressing  4.1  per  cent,  and  that 
about  3.8  per  cent  of  moisture  removed  in  the  press  was  not  super- 
ficial at  the  time  of  hooping. 

Table  25. — Loss  of  moisture  caused  by  wiping  and  by  pressing  curds. 


Operation. 


Sample  as  hooped 

Sample  after  wiping. . 
Sample  after  pressing 


Moisture  in  curd. 

Vat  I. 

Percent. 
37.4 
36.8 
31.7 

Vat  II. 

Vat  III. 

Vat  IV. 

Percent. 
37.1 
37.0 
33.3 

Per  cent. 
37.9 
37.8 
33.9 

Per  cent. 

38.8 
38.  5 
34.9 

Exact  moisture  determinations  show  that  pressure  in  the  hoop 
does  remove  notable  proportions  of  moisture  held  superficially  and 
otherwise  by  the  curd  when  hooped. 


oLoc.  cit.,  p.  87. 
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Respecting  the  influence  of  pressure  on  curd  in  the  vat  Lloyd  ^ 
wrote,  in  1899,  after  describing  methods  used  in  England: 

The  chief  and  characteristic  difference  between  various  methods  of  cheese  making 
depends  on  the  course  taken  to  obtain  the  curd  sufficiently  dry.  At  this  time,  1857, 
only  two  methods  were  known,  the  one  by  use  of  heat,  the  other  by  the  use  of  pressure. 
The  latter  waa  the  system  of  Joseph  Harding,  the  curd  being  subjected  to  pressure  in 
the  vat  before  being  finally  ground  and  pressed  into  a  cheese. 

LOSS  OP  MOISTURE  BY  PRESSURE  AFTER  PUTTING  CURD  ON  RACK. 

In  many  of  the  experiments  already  described ''  it  can  be  seen  that 
during  the  first  fifteen  to  thirty  minutes  after  the  curds  were  out  of 
the  whey  and  piled  up  without  stirring  the  moisture  content  fell  more 
rapidly  than  while  they  were  in  the  whey.  At  this  stage  the  super- 
ficial moisture  drains  away- from  the  cubes,  and  a  considerable  amount 
of  moisture  wliich  is  not  superficial,  that  is,  which  can  not  be  removed 
by  bibulous  paper,  is  also  driven  out.  Under  the  pressure  of  the 
piled  curd  the  cubes  at  the  bottom  of  the  mass  quickly  lose  their 
regular  cubical  shape  and  pack  together,  like  figs  in  a  box,  so  closely 
as  to  prevent  the  free  drainage  of  whey  through  the  bottom  of  the 
curd.  The  distorted,  packed  cubes  coalesce  more  or  less  quickly, 
forming  a  single  mass  in  which  the  boundaries  of  the  separate  cubes 
can  not  be  distinguished.  This  entire  process  of  packing  and  coales- 
cing is  called '  *  matting '  ^  by  the  cheese  maker.  The  middle  layer  of  the 
mass  mats  more  slowly,  and  the  matting  of  the  top  layer  is  completed 
a  few  minutes  later  by  turning  the  curd  mass  upside  down,  thus  put- 
ting it  under  pressure. 

The  separation  of  whey  from  a  single  large  mass  of  curd,  such  as  an 
uncut  curd,  is  exceedingly  slow.  It  has  already  been  shown  that  the 
smaller  the  pieces  into  which  a  curd  is  cut  the  more  rapid  is  the  rate 
of  whey  separation.  The  converse  may  be  taken  for  granted,  namely, 
that  when  the  curd  cubes  coalesce  to  a  single  mass  the  separation  of 
moisture  is  markedly  checked.  If  the  cause  of  the  rapid  loss  of 
moisture  on  the  rack  is  the  pressure  of  curd  particles  on  each  other, 
then  it  should  be  possible  to  remove  moisture  from  curd  by  applica- 
tion of  pressure  to  the  curd  under  the  whey. 

LOSS   OF   MOISTURE   BY   PRESSING   THE   CURD   UNDER   THE   WHEY. 

In  the  following  experiment  three  vats  of  milk  containing  200 
pounds  each  were  set  at  0.16  per  cent  acidity,  cut  alike,  and  heated 
in  thirty-five  minutes  to  104°.  The  whey  in  vat  I  was  drawn  two 
and  one-half  hours  after  cutting  and  the  curd  put  on  the  rack  in  the 
usual  maimer,  the  whey  acidity  being  0.125  per  cent.     In  vat  II  the 

oLoc.  cit.,  p.  12. 

h  See  figures  1,  3,  7,  9,  10,  11,  15. 
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curd  and  whey  were  scooped  into  a  15-inch  Cheddar  cheese  hoop  con- 
taining some  curd  cloth  and  set  in  the  vat  two  hours  after  cutting.  A 
circular  board,  the  follower,  was  put  on  the  curd,  and  a  25-pound 
weight  placed  on  top.  The  follower  was  removed  at  intervals  of 
four  minutes,  the  curd  being  stirred  up  and  sampled  and  then  put 
under  pressure  again. 

A  reduction  of  moisture  content  from  65.9  to  52.8  per  cent  was 
effected  by  this  means  in  vat  II  in  thirty  minutes.  During  this  time 
the  curd  in  vat  I  had  decreased  from  65.3  to  63.9  per  cent  in  moisture. 
As  it  would  not  be  convenient  to  apply  pressure  in  this  manner  to 
the  curd  in  a  large  vat,  an  effort  was  made  to  reduce  the  moisture 
content  of  the  curd  in  vat  III  by  drawing  off  a  large  proportion  of 
the  whey  two  hours  after  cutting.  The  whey  was  left  about  1  inch 
deep,  and  the  curd  stood  2  or  more  inches  above  the  whey.  By 
occasional  stirring  the  curd  was  prevented  from  matting.  The  mois- 
ture content  fell  from  66.1  to  55.6  per  cent  in  one-half  hour,  and  the 
method  seemed  to  be  quite  effective  as  a  means  of  rapidly  reducing 
the  moisture  content  of  a  soft  curd  just  before  putting  the  curd  on 
the  rack.     The  details  are  shown  in  Table  26  and  figure  20. 

Table  26. — Effect  of  pressure  on  moisture  content  of  curd  in  the  vat. 


TimA  after 
catting. 

Operation. 

Moisture  in  curd. 

Vat  I 

(put  on  the 

rack  in  the 

usual  miinner). 

Vat  II 
(external  pres- 
sure applied 
while  curd 
was  under 
the  whey). 

Vat  in 
(whey  mostly 
removed,  leav- 
ing cord  under 
its  own  pres- 
sure for  half  an 
hour  before 
dipping). 

Hrs.  m. 

0  30 

1  0 

1  30 

2  0 
2    10 
2    30 

4  0 

5  0 

Per  cent. 
78.6 
71.3 
66.8 
65.3 

Per  cent. 
79.8 
71.2 
68  0 
65.9 
58  6 
52.8 
40.6 
40.0 

Percent. 
79.0 
71.3 

66.1 
00.6 
55.6 
41.5 

38.8 

Dipped 

Milled 

Hooped 

63.9 
41.7 
39.0 

The  only  reference  to  such  a  method  which  the  writer  has  been 
able  to  find  in  the  Uterature  is  the  following  by  Waddell  and  McKay,** 
who  say  in  giving  instructions  for  making  cheese  from  overripe  milk: 

Run  off  the  whey  as  eoon  bb  possible  and  stir  the  curds  well  in  the  small  amount 
of  whey  before  dipping,  so  as  to  have  the  curds  well  firmed  before  sufficient  acid  is 
developed. 

«« Waddell,  W.,  and  McKay,  A.  Hints  on  the  care  of  milk  for  creameries  and  cheese 
factories,  and  Canadian  Cheddar  cheese  making.  In  Dairy  School  Bulletin  143  of 
the  Ontario  Agricultural  College  and  Experimental  Farm,  pp.  1-56.  Toronto,  1905. 
Seep.  34. 
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Fig.  20.— Effect  of  pressure  on  the  moisture  content  of  curd.  Curves  II  and  III  show  how  the  moisture 
content  of  a  curd  in  the  whey  was  reduced  by  applying  external  pressure  for  a  few  minutes.  Compare 
with  curve  I,  made  without  pressure. 

These  writers  do  not  say  how  effective  the  method  is  in  removing 
moisture,  nor  do  they  show  that  the  level  of  the  whey  must  go  below 
the  curd  level  to  produce  the  desired  result. 


SELF-PRESSURE    OF    CURD    IN    THE    WHEY COMPARISON    OF    SHALLOW 

AND   DEEP   VATS. 

Cheese  makers  often  ask  whether  the  pressure  of  curd  particles  on 
each  other  when  allowed  to  settle  in  the  whey  is  sufficient  to  drive 
out  whey  from  the  curd.  The  curd  cubes  while  in  the  whey  are 
buoyed  up  by  the  liquid  to  such  an  extent  that  they  exert  only  a 
very  slight  pressure  on  each  other  at  the  bottom  of  the  vat.  The 
specific  gravity  of  the  curd  is  about  1.045  and  of  the  whey  1.021  at  the 
temperature  of  the  vat;  therefore  a  piece  of  curd  weighing  1.045  grams 
in  the  air  weighs  1.045—  1.021,  or  about  0.024  gram  when  under  the 
whey,  which  is  about  one  forty-third  of  its  weight  in  air.  Conse- 
quently it  should  not  be  expected  that  the  pressure  of  curd  particles 
on  each  other  when  allowed  to  settle  under  the  whev  would  have 
much  influence  on  the  moisture  content.  The  facts  are  shown  by 
the  following  experiment: 

Two  vats  were  used,  one  containing  200  pounds  of  milk  and  one 
containing  600  pounds.     The  milk  in  the  first  stood  6  inches  deep 
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and  in  the  other   18  inches.     It  tested  4  per  cent  fat  and  0.175  per 

cent  acidity,  and   vras  all  taken  from  the  same  lot  of  mixed  milk. 

The  two  vats  had  the  same  dimensions  excepting  in  depth,  and  the 

milk  in  the  vats  i^as  handled  exactly  alike  in  all  respects.     It  was  set 

with  4  ounces  of  rennet  per  1,000  pounds  at  86*^.     Each  curd  was 

cut  into  i-inch  cubes  fifteen  minutes  after  adding  rennet.     Fifteen 

minutes  later  steam  was  turned  on  and  the  vats  were  heated  to 

104°  in  twenty  minutes.    They  were  carefully  maintained  at  this 

temperature    and    were  sampled  at  thirty-minute  intervals.     After 

heating,  the  curds  were  stirred  regularly  at  fifteen-minute  intervals 

and  allowed  to  settle  between  times.     Under  these  circumstances  the 

layer  of  whey  and  of  curd  in  the  second  vat  was  as  deep  as  commonly 

occurs  in  a  factory  vat,  while  that  in  the  first  vat  was  only  one-third 

as  deep.     If  the  pressure  of  the  curd  particles  on  each  other  under 

the  whey  is  an  important  factor  in  the  separation  of  moisture  from 

curd  in  ordinary  cheese  making,  there  should  have  been  a  noticeable 

difference  betiveen  the  moisture  content  of  these  two  curds.     There 

was,  however,  no  difference,  as  is  shown  in  Table  27. 

Tabids  27 . — Moiature  content  of  curds  made  in  deep  and  shallow  vats. 


Moisture  In  ourd. 


Time  after 
cuttUiK. 


Bt9.  m. 
0     0 


0 
1 
1 

2 
2 


30 
0 

30 
0 

30 


Vat  I 

Vat  II 

(mllkO 

(mUk  18 

inches 

inches 

deep). 

deep). 

Percent. 

Percent. 

87.0 

87.0 

79.0 

78.4 

67.3 

67.8 

M.0 

60.2 
57.7 


6a9 
56.3 


From    this    and  simUar  experiments  it  wtis  concluded   that  the 

pressure  of  curd  particles  on  each  other  at  the  bottom  of  the  cheese 

vat  IS  not  sufficient  to  hasten  the  removal  of  moisture  from  the  curd. 

There  was  no  difference  between  the  results  obtained  witli  200  pounds 

and  with  600  pounds,  and  it  seems  reasonable  to  believe  that  the 

results  obtained  in  small  experimental  vats  would  be  obtained  with 

any  sized  vat  if  handled  in  the  same  way. 

BARI^T  &EHOVAL  OF  PABT  OF  WHBY  FBOM  VAT. 

Cheese  makers  often  drain  off  a  large  proportion  of  the  whey  above 
the  curd  quite  early  in  the  process  after  cutting.  The  remainder  of 
the  whey  being  less  in  volume  can  then  be  removed  more  quickly 
when  the  curd  is  ready  to  mat. 
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In  his  work  on  '^ Canadian  Dairying,"  Professor  Dean®  gives  the 
following  directions:  **In  summer,  it  is  wise  to  remove  most  of  the 
whey  from  the  curd  soon  after  heating  in  order  to  better  control  the 
development  of  acid." 

The  question  has  been  asked  whether  the  early  removal  of  part  of 
the  whey  from  the  vat  has  any  influence  on  the  rate  at  which  the 
curd  gives  up  moisture.  To  answer  this  question  the  following 
experiment  was  tried  repeatedly  with  both  sweet  and  ripened  milk, 
and  always  with  the  same  conclusion.  Two  vats  of  mixed  milk 
testing  4  per  cent  fat  and  0.180  per  cent  acidity  were  set  at  86°  with 
4  ounces  of  rennet  per  1,000  pounds.  The  curds  were  cut  into  i-inch 
cubes  twenty-five  minutes  later,  and  heat  was  applied  to  each  fifteen 
minutes  after  cutting,  reaching  104°  twenty  minutes  lat^r. 

The  vats  were  handled  exactly  alike  in  all  respects  excepting  that 
a  strainer  was  placed  in  vat  I  and  a  slow  stream  of  whey  was  started 
by  partly  opening  the  gate  twenty-four  minutes  after  cutting.  The 
whey  was  caught  in  buckets,  and  the  Weight  and  time  of  filling  each 
bucket  were  recorded.  Care  was  exercised  to  draw  the  whey  no 
lower  than  the  top  of  the  curd,  in  order  that  the  curd  particles  might 
always  have  the  buoying  effect  of  the  surrounding  liquid.  The  time 
of  each  ope^ation,  the  weight  of  whey  removed  from  vat  I,  the  mois- 
ture content  of  the  curds,  and  the  acidity  of  the  whey  in  each  vat 
are  given  in  Tables  28  and  29  and  figure  21. 

Table  28. — Influence  of  early  removal  of  part  of  whey  frorm  vat — Compariton  of  acidity. 


Time  after 
ciitting. 

Whey  removed  from 
vat  I. 

Acidity  of 

whey  In 

vat  I. 

Acidity  of 

whev  in 

vat  n. 

Per  cent. 
0.13 

Total 
weight. 

Proportion 
of  vat  con- 
•  tents. 

Hra.  m. 
0     0 
0    29 
0    34 
0    40 

0  53 

1  5 
1    15 
1    25 
1    30 
1    45 

1  50 

2  0 
2      5 
2    20 
2    25 
2    30 

Pounds. 

Per  cent. 

PercefU. 
0.13 

23 
45 

11.5 
22.5 

.14 

.14 

67 

33.5 

.155 
.lfi5 

.152 

89.5 

44. 75 

.161 

.172 
.20 

104 

52 

.177 

1 

.215 

.197 

....••.  ..•.•!.  .....••••,. 

.237 
.260 

.200 

a  P.  165. 
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Tabi<e  29 .  — Influence  of  early  removal  of  part  of  whey  Jrom  vat —  Camparimm  of  mouiure 

content  of  curd. 


Time  after 
cutting. 

Operation. 

Moisture  In  cord. 

Vat  I.          Vat  n. 

Hrt.  TO. 

0  30 

1  0 
1    30 

1  40 

2  30 

3  0 

4  0 
6      0 
6    20 

Percent. 
79.4 
68.1 

64.6 

Percent. 

7a  6 

09.3 

61.0 
55.2 
44.1 
41.5 
38.8 
36.5 

Dipped . . . 

56.5 
45.7 
42.8 
39.0 
36.4 

HHk>d.... 
Salted  .... 
Hooped... 

o 

10 

2       \ 

20 

P         \ 

30 

^i  \ 

^0 

i-o: 

\ 

90 

(W 

V 

f 

\ 

VAT 

r 

IT 

]        ^ 

1            i 

/              I 

/ 

^ 

I 

/ 

/ 

J  / 

// 

u 

Q. 

A 

/" 

y 

.^HOURS 

2                  3 

AFTER    <ilJTTm9 

024 
023 


021 
020 
0.f9 
0.f8 

a  17 
a  16 

0.14 
0.13  J 


Fio.  21.— Effect  of  removal  of  whey  on  acidity. 
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No  starter  was  used.  The  milk  was  well  mixed  before  use  and  the 
vats  were  handled  alike,  so  that  it  is  certain  that  the  amounts  of  acid 
formed  by  the  bacteria  in  the  two  vats  were  alike.  The  acidity  of 
the  whey  in  vat  I  rose  to  0.26  per  cent  in  the  same  length  of  time  tliat 
it  rose  to  0.20  per  cent  in  vat  II  because  the  volume  of  whey  in  vat  I 
was  reduced  to  less  than  half  the  volume  in  vat  II.  The  moisture 
content  of  the  two  curds  was  practically  identical  throughout. 

From  this  and  similar  experiments  it  is  concluded  that  the  rate  of 
separation  of  moisture  from  the  curd  is  not  affected  by  early  removal 
of  part  of  the  whey  from  the  vat  if  the  curd  is  kept  covered  with 
whey.  Where  the  acidity  is  developing  rapidly  in  the  curd  and 
acid  is  passing  from  the  curd  into  the  whey,  the  acidity  of  whey  in 
the  vat  increases  more  rapidly  after  a  4>ortion  is  drawn  off  than  if 
none  is  removed.  The  smaller  the  bulk  of  whey  surrounding  the 
curd  the  higher  its  percentage  of  acidity  will  be  raised  by  the  transfer 
of  a  given  weight  of  lactic  acid  from  curd  to  whey.  Therefore  a 
cheese  maker  who  relies  upon  the  titration  of  whey  with  a  standard 
alkaline  solution  for  an  indication  of  the  acid  development  in  the 
curd  is  likely  to  be  misled  and  to  imagine  that  the  acidity  of  the  curd 
is  higher  than  it  really  is,  if  he  has  drawn  off  a  considerable  propor- 
tion of  the  whey  early  in  the  process  and  is  titrating  what  is  left  in  the 
vat.  The  later  in  the  process  the  whey  is  drawn  down  the  less  im- 
portant this  source  of  error  becomes,  and  where  the  whey  gate  is 
large,  or  where  both  siphon  and  whey  gate  are  used,  the  whey  need 
not  be  drawn  down  early  and  no  such  mistake  need  occur. 

STIBBING  THE  CUBD  ON  THE  BACK. 

It  is,  the  regular  custom  in  many  factories  to  stir  the  curd  after 
piling  it  on  the  rack  or  on  the  bottom  of  the  vat.  Stirring  prevents 
the  curd  cubes  from  packing  together  and  permits  them  to  drain 
longer  and  more  completely  before  coalescing.  It  may  be  that  the 
kneading  and  rubbing  which  the  curd  receives  during  the  process  of 
stirring  on  the  rack  hastens  the  loss  of  moisture,  as  additional  pressure 
would  do.  The  effect  of  stirring  is  especially  marked  where  curds 
when  dipped  are  soft  and  weak,  from  either  excessive  moisture  or 
excessive  acid,  or  other  cause,  so  that  they  tend  to  mat  rapidly  and 
stop  draining  if  not  stirred. 

On  the  rack  the  moisture  content  of  curds  falls  rapidly  at  first,  but 
afterwards  the  fall  rapidly  decreases.  Below  45  per  cent  it  falls  very 
slowly,  and  it  is  very  difficult  by  stirring  for  any  length  of  time  to 
reduce  it  below  35  per  cent.  The  curd  holds  this  proportion  of  mois- 
ture with  great  tenacity. 
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EFFECT    OF    STIRRING    OX    CURDS    OF    EQUAL    ACIDITY    BUT    VARYING 

MOISTURE   CONTENT. 

Whatever  be  the  stage  of  the  process  of  firming  in  tlie  whe}'  when 
the  curd  is  put  on  the  rack,  its  moisture  content  can  be  quickly 
reduced  by  stirring,  as  is  shown  in  the  following  experiment:  Four 
vats  of  milk  of  0.185  per  cent  acidity  and  4.1  per  cent  fat  content 
were  heated  to  86°,  ten  minutes  apart,  and  were  set  one-half  hour 
apart.  Tlie  wheys  were  drawn  ten  minutes  apart,  when  the  curds 
had  been  in  the  whey  one,  one  and  one-half,  two,  and  two  and  one- 
half  hours,  respectively,  and  contained  56  to  63  per  cent  water.  The 
curds  were  put  on  the  rack  in  each  case  tlu-ee  hours  from  the  time  the 
milk  was  heated.  This  was  done  in  order  that  the  four  vats  might 
be  equally  ripened  at  this  stage.  The  whey  acidity  was  0.20  per 
cent.  Each  curd  was  stirred  for  eight  minutes  after  it  started  on  the 
rack.  By  stirring,  the  moisture  content  was  reduced  within  half  an 
hour  after  drawing  to  between  41.2  and  43.5  per  cent  in  each  of  the 
curds.  It  appears  from  this  that  between  one  and  two  and  one-half 
hours  after  cutting  the  whey  can  be  drawn  at  any  time  when  acidity 
or  other  conditions  make  it  desirable,  and  tlie  moisture  content  can 
be  properlv  reduced  by  stirring  on  the  rack.  (See  Table  30  and 
fig.  22.) 

Table  30. — Effeti  of  stirring  on  eurdt  of  equal  acidity  biU  varying  moisture  content  when 

dipped. 


\ 

i 

Moisture  In  curd. 

Time  after 
cutting. 

Vat  I 
'    (cut  to 
draw  2} 
hoars). 

Vatn 
(cut  to 
draw  2 
hours). 

Vat  III 

(cut  to 

drawl} 

hours). 

Vat  IV 
(cut  to 
draw  1 
hour). 

Hr».  m. 

0  30 

1  0 

Per  cent. 
78.0 

Percent. 

78.2 
64.5 

Percent. 
76.6 
64.1 

Percent. 

76.4 
a  62.  4 

1    10 

65.2 

1    30 

60.0 

a  60.0 

43.1 

1    50 

50.5 

2      0 

2  30 

3  0 

3  30 

4  0 

4  30 

5  0 

158.0 
42.7 

43.1 

42.7 

0  56.8 
43.5 

41.2 

40.4 

*  37. 9 

41.2 

40.6 

39.7 

6  37.1 

b38.  8 

39.8 

39.0 

b  37. 4 

a  Sample  taken  Just  tjefore  drawing  whey. 
6  Sample  taken  when  the  curd  was  hooped. 
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Fio.  22,— Effect  on  moisture  of  different  times  for  dippinf:. 

Tliis  experiment  illustrates  the  fact  that  by  stirring  about  eight 
minutes  on  the  rack  the  moisture  content  of  curds  of  equal  acidity 
but  of  moisture  content  varying  from  56  to  63  per  cent  can  all  be 
brought  finally  to  the  same  figure.  The  moisture  content  when 
hooped  depends  very  little  on  the  moisture  content  just  before  dip- 
ping, if  such  curds  are  well  stirred  on  the  rack. 

EFFECT   OF   STIRRING   CURDS   OF   DIFFERENT   ACIDITY. 

In  another  experiment  four  vats  of  milk  of  0.185  per  cent  acidity 
and  4  per  cent  fat  were  heated  to  86°  and  set  ten  minutes  apart.  The 
w^hey  was  drawn  one,  one  and  one-half,  two,  and  two  and  one-half 
hours,  respectively,  after  cutting,  when  the  acidity  was  0.162,  0.17, 
0.18,  and  0.20  per  cent.  The  curds  were  stirred  eight  minutes  on  the 
racks  and  were  handled  alike  in  all  other  respects.  The  moisture 
content  of  the  curds  varied  from  56  to  67  per  cent  just  before  drawing 
the  whey,  and  when  hooped  varied  from  35  to  39  per  cent.  The  curd 
of  lowest  acidity,  when  dipped,  retained  the  most  moisture  after  stir- 
ring and  when  hooped. 

The  conditions  w^ere  precisely  the  same  as  in  the  last  experiment 
described  excepting  that  in  the  present  instance  both  the  acidity  and 
the  moisture  content  varied  when  the  whey  was  drawn,  while  in  the 
other  case  the  aciditv  was  alike  in  all  four  vats  and  the  moisture 
varied  when  dipped.  In  consequence,  when  the  curds  were  hooped 
the  moisture  varied  in  the  present  experiment,  but  not  in  the  previous 
one.     Wlien  hooped,  the  moisture  content  of  a  curd  which  was  well 
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stirred  on  the  rack  is  independent  of  the  moisture  content  when 
dipped,  but  is  influenced  to  a  notable  degree  by  the  acidity,  curds  of 
low  acidity  retaining  more  moisture  than  those  of  moderately  high 
acidity.  It  has  already  been  shown  that  curds  of  low  acidity  lose 
moisture  while  in  the  whey  more  slowly  than  curds  of  moderately 
high  acidity.     (See  Table  31  and  fig.  23.) 

Table  31. — Effect  of  stirring  on  Tnouiure  content  of  curds  of  varying  acidity  and  moiiture 

content. 


Time  after 
cutting. 

Moisture  in  curd. 

1 

Vat  I 

(cut  to 
draw  2i 
hours). 

Vat  II 
(cut  to 
draw  2 
hours). 

Vat  III 
(cut  to 
draw  1) 
hour^). 

Vat  rv'    1 
(cut  to 
drawl 
hour). 

Hn.  m. 

0  30 

1  0 
1    15 
1    30 

1  4r» 

2  0 

2    15 
2    30 

2  45 

3  0 

3  30 

4  0 

4  30 

5  0 

Pneeya. 
77.9 

Percent. 

78.8 
08.8 

Percent. 

78.7 
69.8 

PneeiU. 

77.8 

a  67.0 

480 

45.3 

A3.3 

a  61.  2 
48.1 
42.8 

a  58.9 
47.5 
43  2 

a  56.6 
47.1 
43.0 

41.6 

39  2 

40.0 

»36.9 

39.2 
5  38.3 

39  0 

38.8 

5  36.2 

38.9 

38.7 

6  35.0 

1 

a  Sample  taken  Just  before  drawing  the  whey. 
5  Sample  taken  when  the  curd  was  hooped. 


Flo.  23.— Effect  of  stirring  the  card  on  the  racks.    Curds  of  unequal  acidity  when  dipped  are  not  brought 

to  the  same  moisture  content  by  stirring  on  the  rack. 
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INFLUENCE  OF  FAT  OONTTENT  OF  OUBD  ON  KOISTURE  SEPARATION. 

To  determine  whether  curd  gives  up  water  more  or  less  rapidly 
when  the  fat  content  is  varied,  several  experiments  were  performed  in 
the  following  manner:  Eleven  hundred  pounds  of  whole  milk  of  0.165 
per  cent  acidity  and  4.3  per  cent  fat  was  collected  in  one  vat  and 
enough  of  it  was  run  through  a  cream  separator  to  furnish  400  pounds 
of  skim  milk,  wliich  was  placed  in  another  vat  and  mixed  thorough!}'. 
Portions  of  the  skim  milk  and  the  whole  milk  were  then  weighed  into 
the  experimental  vats,  as  indicated  in  Table  32.  The  vats  were  all 
heated  to  86°  and  set  with  3  ounces  of  rennet  per  1,000  pounds.  The 
curds  were  cut  into  one-half  inch  cubes  and  were  heated  in  a  uniform 
manner,  beginning  fifteen  minutes  after  cutting,  and  reaching  104° 
twenty  minutes  later.  The  curds  were  sampled  at  intervals  and  mois- 
ture determinations  were  made  on  the  samples  as  shown  in  Table  32 
and  figure  24. 

Table  32. — Moisture  in  curds  containing  different  proportions  of  fat. 


1 

(oDtent. 

Whole  milk pounds. . 

Skim  milk do.... 

Fat  determinod . .  per  cent . . 

Vat  I. 

Vat  II. 

Vat  in. 

Vat  IV. 

20O 

None. 

4  3 

133 

67 

3.0 

67 
133 
1.7 

None. 

200 

0.07 

Time  after  cutting. 

Moisture  in  curd— 

Hrs.  m. 
0     30 

Percent. 
82.6 
72.5 
69.7 
66.7 
64.2 

Percent. 
82.4 
75.8 
72.0 
70  3 
68.1 

Percent. 
83.5 
80.1 
75.6 
73.7 
71.8 

Percent. 
87.8 
81.8 
79.3 
78.8 
76.1 

1       0 

1      30 

2       0 

2      3U 

Fio.  24.— Effect  of  varying  the  fat  content  of  the  milk  used. 

It  appears  from  the  figures  that  the  moisture  content  of  curd  I, 
containing  the  largest  proportion  of  fat,  fell  to  64.2  per  cent,  while 
that  in  vat  IV  only  fell  to  76.1  per  cent.     In  this  form,  however,  the 
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results  are  not  strictly  comparable,  since  the  figure  representing  the 
percentage  of  moisture  in  vat  I  depends  not  only  upon  the  moisture 
present  but  also  upon  the  proportion  of  fat.  The  larger  the  propor- 
tion of  fat  present,  the  smaller  the  proportion  of  moisture  will  appear. 
In  order  to  make  the  results  comparable  they  should  all  be  calculated 
to  a  fat-free  basis.  In  order  that  tliis  might  be  done,  parts  of  the 
curd  samples  taken  for  moisture  determinations  were  used  also  for 
duplicate  fat  determinations  by  the  Babcock  test. 

The  percentage  of  moisture  in  the  curd  divided  by  1  minus  the  per 
cent  of  fat  in  the  curd  gives  the  percentage  of  moisture  in  the  fat- 
free  curd.  The  percentages  of  fat  in  the  curd  and  of  moisture  in  the 
fat-free  curci  are  given  in  Table  33  and  figure  25. 

Table  33. — Fat  content  of  curds  and  moisture  content  of  fat-free  curds. 


Fat  content. 


Time  after 
cutting. 


Hn.  m. 


1  30 

2  00 
2    30 


1  30 

2  00 
2    30 


Vat  I. 


Vat  II.         Vat  in. 


Vat  IV. 


Percent. 
18.8 

■    Per  cent. 
14.4 

Per  cent. 

0.72 

Per  cent. 

21.3 

16.0              10.9 

15.9              10.3 

1 

21.5 

1.2 

Moisture  in  fat^froo  curd. 

85.8 
84.7 
81.8 


84.1 
83.7 
80.9 


83.7 
82.1 
80.0 


80.2 
79.7 
77.0 


S 


Sto 


HOURS  I  AFTER    CUTTING 


Fio.  25.— Effect  of  presence  of  fat  on  the  moisture  content  of  curds 
reduced  to  a  fat-free  basis.  The  prcaence  of  fat  slightly  delays 
the  separation  of  moisture  lh>m  the  curd.  Within  natural 
limits  of  variation  of  fat  content  in  herd  milk,  the  effect  is  very 
small,  as  shown  by  vats  I  and  II. 

In  this  form  the  results  show  clearly  that  the  moisture  is  removed 
more  rapidly  from  the  curds  with  the  smaller  content  of  fat.  The 
fat  by  its  presence  somewhat  delays  the  separation  of  moisture  from 
casein.  The  same  conclusion  was  reached  by  a  different  method, 
based  on  the  weight  of  the  green  cheese  obtained  in  the  different  vats 
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and  the  ratio  of  moisture  to  casein  in  each  cheese.  The  moisture  was 
determined  by  the  usual  method  in  plugs  drawn  after  the  cheese  had 
been  taken  from  the  press  and  weighed.  The  weight  of  water  in  the 
cheese  is  obtained  by  multiplication  of  the  weight  of  cheese  by  the 
percentage  of  moisture.  The  weight  of  casein  in  each  cheese  is  cal- 
culated in  the  following  manner:  In  vat  I  the  whole  milk  contained 
4.3  per  cent  fat,  and  the  casein  calculated  by  Van  Slyke's  formula  (no 
direct  casein  determination  having  been  made)  is  2.62  per  cent. 
There  was,  therefore,  about  8.6  pounds  fat  and  5.24  pounds  casein 
in  vat  I  and  in  the  cheese  made  therein.  Vat  II  contained  3.1  per 
cent  fat,  or  6.2  pounds,  which  is  2.4  pounds  less  fat  than  vat  I.  As 
all  of  the  vats  contained  the  same  weight — 200  pounds  of  milk — vat 
II  consequently  contaihed  2.4  pounds  more  of  fat-free  liquid  than 
vat  I.  About  2.62  per  cent,  or  0.06  pound  casein,  is  present  in  2.4 
pounds  of  milk,  and  therefore  the  casein  content  of  vat  II  was 
5.24  +  0.06  =  5.30  pounds. 

In  a  similar  manner  the  weight  of  casein  in  vats  II,  III,  and  IV 
are  found  to  be  5.30,  5.37,  and  5.46  pounds,  respectively. 

Table  34. — Casein  and  maistvre  content  of  green  cheese. 


Fat  In  milk per  cent. 

Weight  of  gxeen  cheese pounds 

Moisture  found percent 

Water  present pounds. 

Casein  present do. . . 

Water  per  pound  of  casein do. . . 


Vat  I. 

Vat  II. 

Vat  III. 

Vat  IV. 

4.3 

3.0 

1.7 

0.07 

21.2 

18.5 

15.7 

13.0 

37.4 

41.2 

45.0 

61.7 

7.83 

7.62 

7.06 

6.72 

6.24 

5.30 

5.37 

5.46 

1.51 

1.44 

1.31 

1.23 

Since  the  ratio  of  moisture  to  casein  was  the  same  in  the  four 
curds  when  cut  and  is  found  to  be  greatest,  after  pressing,  in  the 
green  cheese  containing  the  most  fat,  it  follows  that  the  separation 
of  moisture  from  the  curd  has  been  delayed  by  the  presence  of  fat. 

Curd  I  had  lost  a  smaller  proportion  of  its  moisture  and  therefore 
felt  softer  when  grasped  ill  the  hand  than  the  other  curds.  It  con- 
tained more  fat  than  the  others,  which  also  tended  to  make  it  feel 
softer.  Although  the  milk  was  all  taken  from  the  same  vat  just 
before  the  experiment,  it  was  found  that  the  acidity  of  the  whey 
when  drawn  was  not  quite  uniform  in  the  four  vats.  In  this  experi- 
ment the  whey  acidity  was  0.13,  0.127,  0.125,  and  0.12  per  cent, 
respectively,  in  vats  I,  II,  III,  and  IV,  two  and  one-half  hours  after 
cutting.  The  effect  of  the  slightly  greater  acidity  in  vat  I  would  be 
to  hasten  slightly  the  separation  of  moisture  from  the  curd  in  this 
vat,  but  this  effect  was  entirely  masked  by  the  presence  of  the  fat, 
which  delayed  the  moisture  separation  to  a  greater  degree. 
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INFLX7ENCE  OF  VABIATIONS  IN  TH^  PROPOKTION  OF  CASEIN  IN 

THE  CtTEB. 

In  order  to  vary  the  casein  content  while  retaining  practically 
uniform  fat  content,  separator  skim  milk  containing  0.05  per  cent  of 
fat  was  mixed  with  different  proportions  of  distilled  water  in  the 
different  vats.  Vat  I  contained  200  pounds  of  milk,  vat  II  con- 
tained 183  pounds  of  milk  and  17  pounds  of  water,  vat  III  contained 
167  pounds  of  milk  and  33  pounds  of  water,  and  vat  IV  contained 
150  pounds  of  milk  and  50  pounds  of  water.  The  casein  varied  as 
the  numbers  1,  0.91,  0.83,  and  0.75  in  the  four  vats.  The  liquids 
began  to  thicken  fourteen,  sixteen  and  one-half,  nineteen,  and 
twenty-one  and  one-half  minutes  after  adding  4  ounces  of  rennet  per 
1,000  pounds  at  86°. 

The  curds  were  cut  one  hour  and  twenty-five  minutes  after  adding 
rennet,  at  which  time  curd  IV  was  not  very  stiff  and  did  not  seem  to 
be  improving. 

Comparing  vats  I  and  IV  as  to  content  of  water  and  solids,  it  is 
evident  that  the  latter  contained  50  pounds  of  water  in  place  of  50 
pounds  of  milk  in  vat  I.  The  50  pounds  of  milk  in  vat  I  contained 
about  6  pounds  of  milk  solids,  which  was  replaced  in  vat  IV  with 
6  pounds  of  water.  Therefore  the  water  content  of  vat  IV  was  about 
6  pounds  (or  3  per  cent)  greater  than  that  of  vat  I. 

The  water  content  of  vat  I,  when  set,  was  about  90  per  cent,  while 
that  of  vat  IV  was  93  per  cent,  and  vats  II  and  III  lay  between 
these  figures.  Starting  with  these  small  differences  of  moisture  con- 
tent, the  curds  with  the  largest  moisture  content  gave  up  moisture 
slightly  more  rapidly  during  the  first  hour,  after  which  there  was 
practically  no  difference  in  the  percentage  of  moisture  contained  in 
the  four  curds,  as  shown  in  Table  35. 

Tablis  35. — Influence  of  variations  in  casein  conterU  on  rate  of  moisture  separation. 


Time  after 
catting. 

Moisture  in  curd. 

Vat  I. 

(Milk.  200 

lbs.;  water, 

0  lbs.) 

Per  cent. 
86.0 
81.8 
79.0 
76.0 
75.0 

Vat  II.     i    Vat  III. 

(Milk,  183  '  (Milk,  167 

lbs.;  water,  lbs.;  water. 

17  lbs.)         33  lbs.) 

1 

Vat  IV. 

(Milk.  150 

lbs.;  water, 

50  lbs.) 

Per  cent. 
85.0 
82.5 
79.2 
76. 2 
74.5 

Hr».  rrt. 

0  40 

1  0 

1  30 

2  0 
2    30 

Per  eerU. 
85.6 
82.1 
79.1 
78.9 
74.8 

Per  cent. 
86. 4 
81.2 
79.5 
76.7 
76.1 

The  casein  content  of  vat  IV  was  three-fourths  that  of  vat  I,  so 
that  the  ratio  of  moisture  to  casein  was  one  and  one-third  times  as 
great  in  curd  IV  as  in  curd  I  when  cut,  but  this  difference  had  entirely 


56 


THE  MOISTUBE  CONTENT  OF  CHEESE  CURDS. 


disappeared  one  hour  after  cutting.  Increase  in  the  ratio  of  mois- 
ture to  casein  in  milk  produces  corresponding  increase  in  the  initial 
rate  of  moisture  separation  after  cutting,  thus  tending  always  to 
produce  curds  of  uniform  relative  proportions  of  moisture  and  casein. 

EFFECT  OF   DILUTINa  MILK  WITH  WATER  ON   SEPARATION  OF 

HOISTT7&E  FBOH  CUBD. 

The  natural  variations  of  water  content  in  milk  may  be  simulated 
by  adding  proper  proportions  of  water  to  normal  milk.  The  effect 
of  the  addition  of  water  upon  the  rate  of  moisture  separation  from 
curd  is  shown  in  the  following  experiment: 

In  order  to  maintain  constant  acidity,  1,100  pounds  of  whole  milk 
containing  3.9  per  cent  fat  and  2.85  per  cent  casein  and  of  acidity 
0.172  per  cent  was  pasteurized  at  150®  in  the  Farrington  duplex 
pasteurizer.  After  mixing  the  product  thoroughly,  200  pounds  were 
placed  in  vat  I,  190  pounds  with  10  pounds  of  distilled  water  in  vat 
II,  and  170  pounds  with  30  pounds  of  water  in  vat  III.  Thus,  vat 
II  contained  about  1.3  pounds  and  vat  III  about  4  pounds  more 
water  than  vat  I.  The  fat  in  vats  II  and  III  was,  respectively,  3.7 
and  3.3  per  cent.  The  vats  were  heated  to  86®  and  set  with  4  ounces 
of  rennet  per  1,000  pounds.  They  were  top  stirred  and  cut,  and  were 
heated  to  104®  in  thirty-five  minutes  and  handled  exactly  alike  in  all 
respects.     The  moisture  content  of  each  curd  is  shown  in  Table  36. 

Table  36. — Separation  of  moisture  from  curd  made  from  normal  and  from  diluted  milk. 


Time  after 
cutting. 

Moisture  In  curd. 

Vat  I. 
(Milk,  200  lbs.) 

Vat  11. 
(Milk.  190 
lbs.;  water, 
10  lbs.) 

Vat  UI. 

(Milk,  170 

lbs.;  water, 

30  lbs.) 

Urs.  m. 

0  30 

1  0 

1  30 

2  0 

2  30 

3  0 

Per  cent. 
81.7 
74.1 
73.1 
70.5 
68.9 
67.2 

Percent. 
81.5 
75.0 
72.5 
70.5 
69.0 
67.7 

Per  cent. 
84.0 
77.5 
73.7 
71.7 
70.3 
68.2 

Vat  III  contained  about  4  pounds  more  water  and  less  milk  solids 
than  vat  I,  but  the  curd  in  vat  III  lost  moisture  more  rapidly  than 
that  in  vat  I,  and  in  one  and  one-half  hours  after  cutting  the  per- 
centage of  moisture  content  of  the  three  curds  was  practically  iden- 
tical. The  addition  of  30  pounds  of  water  to  170  pounds  of  milk  does 
not  notably  increase  the  moisture  content  of  the  resulting  curds.  The 
addition  of  water  decreases  the  percentage  of  fat,  also  the  ratio  of 
casein  to  water,  but  does  not  affect  the  ratio  of  acid  to  casein  in  the 
vat.     It  has  been  shown  above  that  such  variations  in  the  percentage 
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of  fat  and  in  the  ratio  of  casein  to  water  have  only  a  very  slight  in- 
fluence on  the  moisture  content  of  the  resulting  curd.  Although  the 
acidity  of  milk  is  decreased  by  adding  pure  water,  the  ratio  of  acid  to 
casein  is  not  affected  and  the  final  moisture  content  of  the  curd  is  not 
affected  by  such  dilution.  The  most  marked  effect  produced  by  add- 
ing water  to  milk  is  the  increased  time  required  for  coagulation  with 
rennet  before  the  curd  can  be  cut. 

BATS  OF  KOISTUBE  SEPARATION  FBOX  0T7BD  AT  VABIOITS 

STAOES  AFTER  CTJTTIKG. 

The  moisture  content  of  curds  held  at  fixed  temperatures  from 
setting  to  dipping  has  been  given  in  a  previous  experiment  (see 
Table  4,  p.  15).  The  weight,  per  100  pounds  of  milk,  of  whey  sepa- 
rated from  the  curd  during  successive  time  periods,  as  in  vat  I  of  the 
experiment  referred  to,  can  be  calculated,  as  is  shown  in  Table  37. 
For  example,  thirty  minutes  after  cutting  (column  1,  Table  4),  the 
curd  contained  83.1  per  cent  moisture.  As  whey  contains  about  5 
per  cent  of  solids,  the  percentage  of  whey  present  may  be  represented 
by  1.05  times  83.1  per  cent,  or  87.2  per  cent  (column  3).  The  remain- 
ing 12.7  per  cent  of  the  curd  is  fat  and  casein,  of  which  100  pounds 
of  milk  contains  8.7  pounds.  The  fat  and  casein  were  determined 
respectively  by  the  Babcock  and  the  Hart  methods.     The  weight  of 

8.7 
the  curd  was  ^  ^\^w  or  68.5  pounds.     The  weight  of  whey  in  the  curd 

87  2 
was  8.7  XiV7  =  59.3  pounds  (colimin  5).     The  weight  of  whey  ex- 

pelled  from  the  cubes  was  91.3-59.3  =  32  pounds  (column  6). 

Table  37. — IHatribiUum  of  milk  constituents  between  (a)  curd  cubes  and  (6)  whey  sur- 
rounding the  cubes. 


Time  after 

cutting 

curd. 


Hr».  m. 


0 
0 
1 
2 
2 
3 
4 
6 
6 


0 

30 

30 

30 

45 

0 

0 

0 

20 


Water 
found  In 
curd  by 
analysis. 


Whey  pres- 
ent m 
curd  (cal- 
culated). 


Per  cent. 

Per  cent. 

87.0 

91.3 

83.1 

87.2 

77.8 

81.7 

73.0 

76.6 

G4.3 

67.5 

60.5 

63.5 

53.9 

56.6 

43.4 

45.5 

39.8 

41.8 

1 

(a)  Curd  cubes  con- 
tain— 


Pounds. 
8.7 


8. 
8. 
8. 
8. 
8. 
8. 
8. 
8. 


(6)  Whey 

above  curd 

contains 

water, 


casein.       sugar,  eu\    *"^*''  *^- 


Pounds. 
91.3 
59.3 
38.8 
28.5 
18.3 
15.1 
11.3 
7.3 
5.4 


Pounds. 
0.0 
32.0 
52.5 
62.8 
73.0 
70.2 
80.0 
84.0 
85.9 
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It  is  clear  that  in  this  case  the  weight  of  whey  separat«d  from  tho 
curd  during  the  first  half  hour  was  greater  than  during  any  subse- 
quent similar  period.    (See  fig.  26.)    It  may  be  questioned  whether, 


other  things  being  equal,  the  rate  of  separation  of  whey  from  curd  at 
any  time  b  proportional  to  the  whey  content  of  the  curd  at  that  time. 
To  determine  this,  calculate,  as  in  Table  38,  the  average  weight  of 
whey  present  in  the  cubes  (column  .1)  during  each  of  the  time  periods. 
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HOURS    AFTER    CUTTINe 


a^  the  points  when  ihf  tunl  [i  cut,  dipped,  and  aalted, 

and  the  average  of  loss  of  whey  per  minute  (column  4)  in  each  period. 
Dividing  6  by  a  gives  the  loss  of  whey  per  minute  per  pound  of 
whey  present  in  the  cube,  as  shown  in  the  last  column.     (See  fig.  27.) 
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Table  38. — Lo»s  of  whey  from  curd  per  miniUe  per  pound  of  uthey  present  in  curd. 


Time  afUir  cutting. 

liength  of 
period. 

Htm.  m. 

Hr$.  m. 

0    30 

0    30 

1    30 

1      0 

2    30 

1      0 

(Drew  whey.) 

2    45 

0    15 

3     0 

0    15 

4     0 

1      0 

(MiUed.) 

1                       6     0 

2      0 

(Salted.) 

6    20 

0    20 

(Hooped.) 

(a)  Average 

wtight  of 

whey  in  curd 

cubes  during 

period. 


(5)  Average 
loss  per  min- 
ute of  wbey 
from  curd. 


Loss  per 

minute  per 

pound  of 

whey 
present. 


Pounds. 
75.0 
49.0 
33.6 

Pounds. 
1.06 
.34 
.18 

Pounds. 
0.014 
.007 
.0054 

23.4 
16.7 
13.2 

.70 
.21 
.06 

.030 
.013 
.0045 

9.3 

.03 

.0032 

6.3 

.09 

.014 

The  loss  of  whey  (luring  any  short  period  of  time  is  not  proportional 
to  the  whey  content  of  the  curd  at  that  time.  The  amount  lost  per 
minute  decreases  much  more  rapidly  than  the  whey  content  of  the 
curd,  showing  that  the  less  the  whey  content  is  the  more  tightly  it  is 
held  to  the  curd. 

The  loss  of  moisture  is  more  rapid  during  thcfirst  lialf  hour  after 
cutting  than  at  any  subsequent  period  while  the  curd  is  in  the  whey. 
The  loss  of  moisture  per  minute  which  occurs  when  the  curd  is  first 
put  on  the  rack  is  greater  in  proportion  to  the  actual  moisture  con- 
tent of  the  curd  than  at  any  other  period  in  the  process.  Immedi- 
ately after  cutting,  drawing,  and  salting  the  rate  of  whey  separation 
is  accelerated,  but  rapidly  falls  off  as  time  passes. 

mrXTJEKCE  OF  THE  HAND  BAKE  AS  COMPABED  WITH  MECHANICAL 

AQITATOBS. 

The  statement  has  been  made  by  cheese  makers  that  stirring  a  curd 
in  a  large  vat  with  a  hand  rake  causes  more  rapid  firming  than  the 
use  of  mechanical  agitators."  If  this  is  true,  the  difference  may.  be 
due  to  greater  pressure  applied  to  the  curd  by  the  rake  than  by  the 
agitator,  since  with  the  rake  the  curd  must  be  repeatedly  stirred  up 
from  the  bottom,  where  it  has  settled,  while  with  the  agitator  little 
settling  occurs.  It  may  be  also  that  the  use  of  the  rake  breaks  up 
curd  cubes  somewhat  more  than  the  agitator;  in  which  case,  of 
course,  the  smaller  pieces  would  lose  moisture  faster. 

Other  similar  questions  have  arisen,  but  their  consideration  will 
be  taken  up  later.  Many  practical  questions  respecting  the  com- 
bined influence  of  a  given  set  of  conditions  can  be  answered  from  a 
study  of  the  experiments  already  described. 
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CONCLUSIONS. 

1.  Variations  in  the  proportion  of  rennet  between  2  and  6  ounces 
per  1,000  pounds  of  milk  do  not  influence  the  rate  at  which  whey 
separates  from  curd  in  the  cheese  vat. 

2.  The  action  of  rennet  on  milk  curd  for  a  longer  or  shorter  period 
before  cutting,  or  the  relative  softness  or  hardness  of  the  curd  when 
cut,  does  not  influence  the  rate  at  which  whey  separates  from  curd. 

3.  During  ripening  the  acidity  of  whey  within  curd  cubes  rises 
much  faster  and  higher  than  that  of  the  whey  surrounding  the  cubes, 
because  the  principal  seat  of  acid  formation  in  the  cheese  vat  is  in  the 
curd;  whey  gains  most  of  its  acidity  from  the  curd. 

4.  The  withdrawal  of  part  of  the  whey  from  the  vat  soon  after 
cutting  does  not  affect  the  rate  of  separation  of  whey  from  curd,  but 
the  remaining  whey  rises  more  rapidly  in  acidity  as  a  result  of  such 
withdrawal. 

5.  Curds  made  from  very  sweet  or  from  overripe  milk  retain  a 
larger  proportion  of  moisture  than  curds  from  milk  of  medium 
ripeness. 

6.  Four  curds  cut  with  i,  2,  i,  and  J  inch  curd  knives,  respectively, 
contained  49.7,  52.9,  58.2,  and  69.8  per  cent  of  moisture  two  and  one- 
half  hours  after  cutting,  showing  how  great  differences  of  moisture 
content  are  produced  by  using  different  knives. 

7.  Four  curds  set  at  86°  but  heated  thirty-five  minutes  after  cut- 
ting to  86'',  92°,  98°,  and  104°,  respectively,  ccmtained  73.6,  63.7, 
62,  and  57.9  per  cent  of  moisture  two  and  one-half  hours  after  cut- 
ting, showing  that  higher  temperature  facilitntes  the  separation  of 
whey. 

8.*  Curds  from  sweet  milk  set  at  86°,  92°,  98°,  and  104°  and  all 
heated  to  104°  thirty-five  minutes  after  cutting,  differed  in  moisture 
content  at  first,  but  were  alike  after  1  hour.  When  ripe  milk  is  used, 
one  and  one-half  to  two  and  one-half  hours  is  required  to  reach  the 
same  end. 

9.  High  acidity  and  high  temperature  induce  rapid  separation  of 
the  whey  immediately  after  cutting.  If  the  surface  layers  of  the 
cubes  are  dehydrated  by  too  rapid  initial  whey  separation,  so  as  to 
form  a  skin  covering  an  interior  pulp,  the  subsequent  separation  of 
whey  is  delayed.  The  yield  of  cheese  is  decreased,  due  to  an  excessive 
loss  of  fat  through  the  broken  curd  walls,  when  such  curds  are  taken 
out  of  the  whey.  Curds  from  overripe  milk  should  be  heated  later 
and  more  slowly  after  cutting  than  curds  from  sweet  milk,  in  order  to 
avoid  the  skin-and-pulp  condition,  to  insure  complete  removal  of 
whev,  and  to  avoid  unnecessary^  loss  of  fat. 
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10.  Pressure  applied  to  curd  in  the  press,  on  the  rack,  or  under  the 
whey  hastens  the  separation  of  whey.  On  account  of  the  buoying 
effect  of  the  surrounding  whey,  the  pressure  of  curd  cubes  on  each 
other  when  allowed  to  settle  under  the  whey  is  too  sHght  to  hasten  the 
separation  of  moisture  from. curd.  If  the  whey  be  mostly  removed 
from  the  vat  one-half  hour  before  matting,  so  as  to  leave  the  curd 
under  the  pressure  due  to  its  own  weight,  whey  is  rapidly  expelled. 
A  little  whey  left  in  the  bottom  of  the  vat  at  this  time  helps  to  pre- 
vent matting. 

11.  When  curd  is  piled  on  the  rack  its  weight  is  great  enough  to 
expel  moisture  at  an  increased  rate,  until  the  moisture  content  reaches 
about  38  per  cent,  or  until  the  process  is  stopped  by  matting.  Stir- 
ring a  curd  on  the  rack  prevents  matting.  When  a  curd  is  well 
stirred  its  final  moisture  content  depends  to  a  great  extent  on  its 
acidity. 

12.  Variations  in  the  fat  content  of  milk,  within  ordinary  limits, 
influence  only  very  slightly  the  rate  at  which  whey  separates  from 
curd,  the  presence  of  more  fat  tending  to  retard  the  process. 

13.  Variations  in  the  percentage  of  casein  or  water  in  milk  within 
ordinary  limits  have  corresponding  influence  on  the  rate  of  moisture 
separation,  the  tendency  being  always  toward  the  production  of 
cheese  with  uniform  moisture  content.  The  addition  of  water  to 
milk  does  not  increase  the  moisture  content  of  the  resulting  cheese, 
as  the  curd  from  watered  milk  gives  up  moisture  more  rapidly  after 
cutting. 

14.  The  loss  of  moisture  immediately  after  cutting  is  rapid,  but 

decreases  in  speed  as  time  passes.     The  rate  is  increased  when  the 

curd  is  taken  out  of  the  whey  and  piled.     After  this  it  is  rapidly 

decreased  and  is  again  increased  when  the  curd  is  salted.     The  loss 

of  moisture,  per  pound  of  moisture  in  the  curd,  is  greatest  at  the 

time  the  curd  is  taken  out  of  the  whey  and  piled. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 
Washington,  D.  C,  March  I4,  1910, 
Sir:  1  have  the  honor  to  transmit  the  accompanying  manuscript 
of  an  article  entitled  **The  Influence  of  Lactic  Acid  on  the  Quality 
ol  Cheese  of  the  Cheddar  Type,"  by  C.  F.  Doane,  of  the  Dairy  Divi- 
sion of  this  Bureau.    Mr.  Doane  has  for  some  time  been  stationed  at 
one  of  the  principal  cheese-making  centers  of  the  country,  carrying 
on  work  connected  with  the  manufacture  and  storage  of  cheese  under 
practical    conditions.     The   experiments   described   in   the   present 
paper  have  resulted  in  establishing  data  which  are  contrary  to  the 
usual  practice  of  factories  producing  the  Cheddar  type  of  cheese,  and 
are  therefore  calculated  to  be  of  value  to  this  section  of  the  cheese- 
making  industry.     I  recommend  the  publication  of  the  article  in  the 
bulletin  series  of  this  Bureau. 
Very  respectfully, 

A.  D.  Melvin, 
Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE  INFLUENCE  OF  LACTfC  ACID  ON  THE  QUALITY 
OF  CHEESE  OF  THE  CHEDDAR  TYPE. 


INTBODUCTION. 

■ 

The  relation  of  lactic  acid  to  the  science  of  cheese  making,  par- 
ticularly its  action  under  varying  conditions,  and  the  necessity,  or 
otherwise,  for  its  development  during  the  process  of  manufacture, 
are  among  the  greatest  unsolved  problems  connected  with  the  dairy 
industry. 

In  the  making  of  the  Cheddar  type  of  cheese  at  the  present  time 
the  expert  cheese  maker  is  chiefly  concerned  with  this  development 
of  lactic  acid,  and  his  entire  abiUty  is  exerted  to  secure  a  uniformity 
of  cooking  with  the  development  of  the  acid.  This  is  desired  because 
it  is  believed  that  a  maximum  quantity  of  acid  is  necessary  for  the  best 
results.  This  maximum  development  is  determined  by  the  amount 
of  acid  that  the  curd  will  stand  in  the  whey  at  tlie  time  of  drawing 
the  latter  without  subsequent  injury  to  the  texture  and  the  color  of 
the  cheese.  The  best  cheese  makers  are  agreed,  almost  without  excep- 
tion, that  on  this  development  of  acid  depends  to  a  great  extent  the 
delicate  flavor  that  the  best  cheese  should  have,  also,  the  desired 
closeness  of  body,  as  well  as  some  of  the  qualities  of  texture  found  in 
the  best  cheese.  Under  the  present  conditions,  therefore,  there  is 
ample  opportunity  for  the  exhibition  of  skill  in  handling  the  milk  and 
the  curd,  since  the  attainment  of  even  a  small  degree  of  success  in 
securing  uniformity  of  the  different  processes  under  varying  conditions 
comes  only  with  long  practice  and  keen  observation. 

I^CnC-ACIB  PROBLEMS  IN  CHEESE  MAKINO. 

There  is  undoubtedly  much  yet  to  be  learned  concerning  the 
development  of  lactic  acid  and  its  effects  in  cheese  making.  One 
apparent  inconsistency  lies  in  the  differing  effects  of  the  lactic  acid 
which  is  developed  before,  as  compared  with  that  which  is  devel- 
oped after,  the  whey  is  drawn.  It  it  well  known  that  the  develop- 
ment of  acid  in  the  whey  beyond  approximately  0.2  per  cent  will 
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result  in  an  acid  cheese,  although  a  slight  variation  from  this  will 
depend  upon  whether  the  milk  is  working  fast  or  slow.  A  high-acid 
condition  has  a  decidedly  injurious  effect  on  the  texture  and  the 
color  of  the  cheese,  and  the  greater  the  development  of  acid  in  the 
whey  beyond  the  above  limit  the  more  pronounced  is  the  injury.  On 
the  other  hand,  after  the  whey  is  drawn  and  the  curd  is  put  on  the 
rack,  the  acid  may  develop  until  the  expressed  whey  shows  a  full  1 
per  cent,  or  even  more,  without  any  injury  to  texture  or  color.  This 
would  certainly  appear  to  be  inconsistent.  In  both  cases  the  acid 
formed  is  evidently  lactic  acid.  In  both  cases  the  acid  is  formed 
inside  of  the  curd  particles,  as  the  greater  part  of  the  bacteria  are 
carried  down  into  the  curd  after  setting  the  milk  and  cutting  the  curd,** 
and  the  acid  is  formed  in  the  curd  and  expelled  into  the  whey.  We 
have,  then,  in  each  case  a  process  of  acid  formation  operating  under 
such  similar  conditions  as  to  be  apparently  identical,  yet  the  results 
are  radically  different.  While  in  the  whey  a  development  of  0.3  per 
cent  of  lactic  acid  will  practically  ruin  the  commercial  value  of  the 
cheese,  yet  in  the  matted  curd  more  than  three  times  this  quantity 
may  develop  with  what  most  cheese  makers  believe  to  be  a  benefit, 
and  certainly  without  apparent  injury. 

In  the  best  present-day  practice  in  cheese  making  there  is  an 
attempt  to  develop  all  the  acid  possible  without  injury  to  the  texture 
and  color  of  the  product.  To  begin  with,  a  maximum  amount  of  acid 
is  developed  in  the  whey,  and  finally  the  curd  is  allowed  to  remain  on 
the  rack  until  all  the  acid  that  will  develop  in  a  practicable  length  of 
time  is  obtained.  But  while  there  are  many  positive  opinions  in 
regard  to  the  good  results  of  this  method,  there  is  but  little  accurate 
knowledge.  The  effect  of  acid  on  flavor  is  not  known,  and,  contrary 
to  general  opinion,  a  glance  at  some  of  the  tables  included  in  this 
paper  will  show  that  a  flat  or  low  flavor  may  be  found  in  a  high-acid 
cheese.  Again,  the  actual  effects  of  a  so-called  proper  development 
of  acid  on  the  closeness  or  the  texture  of  the  cheese  is  not  known. 
The  desired  characteristics  of  texture,  body,  and  flavor  may  be  found, 
and  have  been  found  on  numberless  occasions,  when  the  curd  has 
been  worked  through  comparatively  sweet. 

However,  we  know  beyond  doubt  that  a  high  acid  development  in 
the  whey  will  injure  the  resulting  product.  Furthermore,  we  have 
very  good  reason  to  believe  that  a  high  acid  development  in  the  curd 
made  from  so-called  gassy  milk  is  necessary  to  overcome  the  gas,  and 
it  may  at  the  same  time  prevent  a  full  development  of  the  undesirable 
flavors  attending  gassy  curds. 

o  J.  L.  Sammia.     Factx)r8  controlling  the  moisture  content  of  cheese  curds.    U.  S. 
Department  of  Agriculture,  Bureau  of  Animal  Industry,  Biilletin  122. 
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EFFECT   OF   HIGH   ACIDITY.  11 

BFFECTOF  HIGH  ACIDITY  ON  QUALITY  OF  STOBAQE  CHEESE. 

The  attention  of  the  writer  was  called  to  one  phase  of  this  acid 
question  at  the  time  of  scoring  the  cheese  in  the  storage  experiments 
made  in  the  summer  of  1906.  A  representative  of  the  Dairy  Division 
visited  a  number  of  cheese  factories  near  Plymouth,  Wis.,  that  were 
having  trouble  with  their  product,  and  secured  a  quantity  of  cheese 
for  storage.  Most  of  these  lots  of  cheese  turned  out  to  be  high  acid, 
and  it  was  noted  that  where  this  was  the  case  the  quality  was  so  very 
low  as  to  make  it  appear  that  the  acid  was  responsible  in  part  at  least 
for  the  poor  flavor,  as  well  as  for  the  other  undesirable  characteristics 
always  found  in  a  high-acid  cheese. 

The  cheese  in  question  was  obtained  for  the  purpose  of  determining 
the  effect  of  storage  on  different  kinds  of  poor  cheese.  It  was  pur- 
chased in  July  and  August  and  was  scorgd  in  January.  The  scores 
are  given  in  Table  1.  Because  of  the  large  proportion  of  this  cheese 
that  turned  out  to  be  high  acid  the  work  as  planned  was  not  satis- 
factory, but  it  did  show  the  tendency  to  make  high-acid  cheese  when 
troubles  with  bad  milk  are  experienced,  and  it  illustrated  very  well 
the  probable  effect  of  high  acid  on  the  quality  of  the  product.  There 
were  34  lots  of  the  cheese,  each  consisting  of  8  cheeses,  one-half  of  which 
were  stored  in  the  32°  F.  room  at  various  periods  ranging  up  to  two 
weeks,  the  other  half  being  similarly  placed  in  the  40°  F.  roojn.  The 
average  score  on  flavor  for  the  high-acid  cheese  was  27,  while  the 
average  on  the  normal  acid  cheese  was  31.  The  comparatively  poor 
flavor  of  all  the  high-acid  cheese  was  so  marked  that  all  who  were 
connected  with  the  scoring  of  this  cheese  noticed  it  and  commented 
upon  it. 

The  Dairy  Division  made  some  high-acid  cheese  in  the  summer  of 
1906  to  determine  the  effects  of  storage  on  this  quality  of  product. 
The  cheese  was  made  from  exceptionally  good  milk,  and  the  flavor 
should  have  been,  in  some  of  the  lots  at  least,  above  criticism.  Nine 
lots  of  cheese  were  made  with  varying  amounts  of  acid.  Quite  a 
wide  variation  in  the  percentages  of  acid  was  sought,  especially  at 
the  time  the  whey  was  drawn,  as  the  degree  of  acidity  at  this  period 
influences  the  quality  of  the  cheese  more  than  the  acidity  shown  at 
any  other  period  of  its  manufacture.  The  acid  at  the  time  of  setting 
was  regulated  to  suit  the  percentage  desired  at  the  time  of  drawing 
the  whey.  The  percentages  of  acid  at  different  stages  of  manufac- 
ture are  shown  in  Table  3. 

Eight  cheeses  were  made  in  each  lot.  These  were  stored  two  at  a 
time — one  at  32°  F.  and  the  other  at  40°  F. — at  each  of  the  following 
periods:  Fresh  from  the  press,  four  days  old,  one  week  old,  and  two 
weeks  old.  All  the  cheese  was  scored  by  three  judges  working  inde- 
pendently, and  Table  2  gives  the  average  scores.     Table  4,  abstracted 
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from  Table  2,  and  figure  1  are  arranged  to  show  more  clearly  the  rela- 
tion of  the  numerical  score  to  the  acidity.  Not  all  the  scores  are 
given,  but  those  omitted  are  in  line  with  those  given.  Enough  are 
given  to  show  conclusively  the  effect  of  the  high  acid  on  the  cheese. 

Table  3. — Acidity  at  slated  periods  of  high-add  cheese  used  in  storage  experiments  and 

scored  in  Table  2. 


*  No.  of 
lot. 

Acidity  1  Acidity 

when         when 

set.           cut. 

Acidity 

when 

drawn. 

1 

2 

a 

4 

6 

6 

7 

8 

9 

Percent. 
0.175 
.175 
.185 
.195 
.260 
.200 
.175 
.182 

Percent. 
0.120 

Percent. 
0.207 
.229 
.240 
.215 
.303 
.225 
.220 
.211 
.220 

.184 
.145 

.170 

.120 

Table  4. — Relation  of  the  numerical  score  to  the  acidity  of  cheese  described  in  Table  2. 


Num- 
ber 
of  lot.  1 

1 

1 
1 

kn\A 

Acia-  1 

Per  ct.  ' 

1 

0.207 

8 

.211 

4 

.215 

7 

.220 

9 

.220 

6 

.225 

2 

.229    , 

3 

.240    ' 

5 

.303 

1 

32*  room,  at  once. 


32*  room,  one  week,     j   40*  room,  two  weeks. 


Flavor. 


Tex- 
ture. 


Total. 


Flavor.!    T.^^S      Total.    Flavor.!   I.l'^"    '  Total,  i 


ture. 


ture. 


26 

23|  I 
22 
25 
24 

24I 

22I 
14 


82 

711 

67 

72| 

71 


67 
493 


1 

261 

23^ 

72J 

2<;;j 

25 

753 

27 

24 

71| 

5K1 

24J 

214 

ti7J 

22 

18 

22 

i«4 

25 

23 

<vs; 

'2\\\ 

22; 

(Mj 

25 

22 

(i<i| 

244 

21 
21 

C5 

26 

24 

70 

25 

a')^ 

244 
23i 

23J 

r.H^ 

2r>if 

11^ 

tV34 

18i 

01  i 

2U 

17 

m   1 

ISi 

14i 

479 

It  has  already  been  stated  that  tlie  above  cjiecse  was  made  as  far 
as  could  be  judged  from  perfect  milk  and  that  the  curds  worked  tlirough 
in  excellent  shape.  At  least  a  few  cheeses  should  have  been  of  excel- 
lent quality;  but  it  appears  that  the  quality  was  injured  in  about 
the  same  proportion  as  the  amount  of  acid  developed.  The  cheese 
in  lot  1  w^as  made  with  acid  very  slightly  in  excess  of  normal,  and  the 
cheese  from  this  lot  that  was  placed  in  the  32°  room  at  once  scored  82, 
while  the  similarly  treated  cheese  in  lot  5  was  made  with  much  too  lii^h 
a  development  of  acid  and  scored  a  fraction  less  than  50.  It  is  prob- 
able that  cheese  made  from  good  milk  would  never  score  as  low  as 
50  points  or  as  low  as  20  points  in  flavor  if  it  had  been  treated  nor- 
mally in  all  stages  of  making  and  curing.  Hence  it  would  appear 
very  probable  that  the  high-acid  development  was  responsible  in  part, 
at  least,  for  the  poor  flavor.  These  results  were  so  contrary  to  all 
belief  and  teaching  that  it  was  thought  desirable  to   make  some 
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accurate  comparative  tests  that  would  settle  the  question  beyond 
controversy.  For  this  purpose  the  author  spent  some  time  at  a 
factory  near  Plymouth,  Wis.,  and  carried  out  the  experiments 
described  in  the  following  pages. 

EXPERIMENTAL  WORK  TO  TEST  EFFECT  OF  ACID  ON  FLAVOR. 

Sixteen  lots  of  cheese  were  made  for  these  experiments.  Two  lots 
were  made  each  day  from  vats  of  divided  milk  so  as  to  have  identical 
conditions  as  regards  quality  of  milk.  One  of  these  lots  was  worked 
up  with  just  sufficient  acid  in  the  whey  to  make  a  light-acid  cheese, 
the  other  lot  being  worked  up  on  the  same  day  in  the  regular  way 
for  that  factory.    The  cheese  maker  in  charge  of  this  factory  set  his 


Fio.  1.— Diagram  showing  relation  of  acidity  to  score  of  cheese  at  various  periods  and  temi)eratur08. 

milk  and  drew  the  whey  somewhat  sweeter  than  is  customary  among 
the  best  cheese  makers;  but  the  curd  was  allowed  to  develop  the  acid 
on  the  rack  until  all  danger  of  gas  had  passed.  Table  5  shows  some  of 
the  details  of  the  manufacture  of  each  lot. 

The  cheese  was  made  during  the  first  half  of  September,  1907,  and 
each  lot  was  held  in  the  factory  curing  room  one  week  before  being 
placed  in  storage.  The  storage  room  was  held  at  about  33°  F.  The 
cheese  was  scored  in  the  middle  of  January,  1908,  by  J.  W.  Moore  and 
Robert  McAdam,  of  the  Dairy  Division,  both  experienced  cheese 
makers  and  judges.  The  average  score  of  each  cheese  is  shown  in 
Table  6,  and  the  relation  of  the  numerical  score  to  the  acidity  is 
graphically  shown  in  figure  2. 


EFFECT  OP   HIGH  ACIDITY   ON   FLAVOR. 
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Table  b.j-DetctUs  of  manu/achMre  o/diu»e/or  test  of  high  acid  on  flavor. 


Lot 


1,  add.... 

1,  sweet.. 

2,  add.... 

2,  sweet. . 

3,  add..., 

3,  sweet.. 

4,  add.... 

4,  sweet. . 

5,  add.... 

5.  sweet., 

6,  add.... 

6,  sweet. . 

7,  add.... 

7,  sweet.. 

8.  add.... 
8,  sweet.. 


7.45 


^^^'  "Ttaie     Time  I  ^il^y 


wben 
set. 


cat.    '  drawn. 


.17 

.20 

.17 

.20 

.175 

.20 

.17 

.20 

.17 

.20 

.19 

.20 

.IS 

.145 

.175 


Percent.*  a.  m. 
a  17        8.25 


8.25 

8.50 
7.55 
8.30 
8.20 
8.20 
8.20 
10.20 
8.45 
0.02 
8.30 
9.15 
8.50 
9.40 
8.32 


when 
drawn. 


a.  m. 
11.00 

10.00 

9.55 

9.15 

9.55 

9.45 

9.35 

9.45 

11.55 

10.40 

10.45 

10.30 

10.45 

10.50 

11.30 

10.45 


Percent. 
a23 

.17 

.20 
.15 
.20 
.16 
.21 
.18 
.21 
.16 
.20 
.16 
.20 
.18 
.19 
.16 


Curd 
ground. 


Cord 
salted. 


I 


p.  m. 
1.15 

12.30 

12.20 

12.30 

11.45 

12.00 

12.06 

12.45 

2.20 

1.00 

1.00 

12.40 

1.00 

2.00 

1.30 

1.15 


p.  m. 
1.40 

2.15 

1.30 
1.30 
12.30 
12.30 
1.00 
1.30 
3.30 
2.30 
2.15 
2.00 
2.00 
3.00 
2.30 
2.00 


Remarks. 


Curd   firm;   few  pin   holes;    bad 

flavor. 
Numeroiw  pin  holes;  bad  flavor, 

same  as  add  vat. 
Good  cuni. 

Do. 
Good  curd:  slight  taint. 
Few  pin  holm:  slight  taint. 
Gassy. 

Do. 
Slight  taint:  pin  holes. 

Do. 

Do. 

Do. 
Slight  taint. 

Slight  taint;  few  pin  holes. 
Slight  taint;  pin  holes. 

Do. 


Table  6. — Averxige  scores  of  cheese  described  in  Table  5. 


Lot. 


Numerical  score. 


C3 


l.add.... 

1,  sweet... 

2,  acid.... 

2.  sweet... 

3.  add.... 

3,  sweet.. - 

4,  add.... 
4»  sweet... 

5,  add.... 

3.  sweet... 

6,  add.... 

6,  sweet... 
7,add.... 


7,  sweet.. 

8,  add... 

8,  sweet.. 


Perd. 
0.23 
.17 
.20 
.15 
.20 

.16 
.21 
.18 
.21 

.16 
.20 

.16 
.20 


.18 
.19 
.16 


U3 


s 


O 
> 

ea 


35i 

39 

34 

39 

33i 

39} 
37 
39 
36 


38} 
36i 


38} 

36 

38 


I 


g 


5 


iS 


23J 

28 
24J 
27i 
23 

27J 
24 
271 
25 

27 
24 

27} 
264 


I 

28i 


13* 
15 
13i 
15 


o 
■ft 

m 

X 


I 

M 


10 
10 
10 
10 


l.«*4 

AV 

15 

10 

13i 

10 

15 

10 

13} 

10 

15 

10 

12J 

10 

14} 
14 

10 
10 

15 
14 
15 


10 
10  . 


S 

s 


3 

O 


Descriptive  score. 


Flavor. 


82*  Sour  whey, sweet... 

92  I  Sweet 

81}   Sour,  bitter,  unclean. 

914   Unclean 

79}  Very  unclean,  sweet, 

sour  whey. 

92  I  Trifle  sweet 

85}!  Unclean,  sweet 

92}.  Sweet 

841  Sour  whey,  bitter, 

sweet. 

91^  Slightly  sweet 

811  Sour  whey,  bitter, 

91     Sweet 

86}  Fermented,  sour 
whey,  bitter, 
sweet. 

Tainted,  sweet 

Sour,  bitter,  sweet.. . 


91 
86 
92 


Texture. 


Color. 


Coarse,  mealy,  stiff. 
Mechanical  holes . . . 
Short,  pasty .  mealy . 
Mechanicaf  holes . . . 
Crumbly,  mealy 


.\cid  cut. 
Straight. 
Acid  cut. 
Straight. 
Acid  cut. 


Coarse Straight. 

Shoft,  mealy Acid  cut,  slightly. 

Coarse I  Straight. 

Crumbly,     mealy,  !  Acid  cut. 

salvy.'  I 

Uneven Straight. 


Mealy,  soggy. 
Uneven 


Acid  cut. 
Slightly  faded. 


Short,  mealy Acid  cut. 


Weak Straight. 

Crumbly,  m^y Acid  cut. 

, '. ,  Straight. 


AveriHI^e  score  on  flavor  of  cheese  made  with  normal  add,  39. 
Average  score  on  flavor  of  cheese  made  with  high  acid,  35.5. 

As  will  be  noted  from  Table  6,  the  milk  was  not  perfect  at  any  time 
during  which  the  experimental  cheese  was  made,  neither  was  it  very 
bad,  and  there  was  no  difficulty  in  making  a  cheese  that  commanded 
full  market  price.  There  was  a  slight  taint,  also  a  few  pin  holes  that 
worked  out  easily  in  the  matted  curd.  It  was  perhaps  unfortunate 
in  some  respects  that  the  milk  was  not  perfect  for  a  few  of  the  lots. 
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But  the  results  of  the  experiment  are  so  positive  that  it  can  not  be 
considered  otherwise  than  conclusive. 

A  study  of  the  numerical  and  descriptive  scores  in  Table  6  shows 
that  high  acid  has  a  markedlj^  injurious  influence  on  the  flavor. 
The  bad  flavors  in  the  cheese  made  up  sweet  were  in  every  case  less 
pronounced  than  in  that  of  the  same  lot  which  was  made  up  acid. 
In  addition  other  bad  flavors  appeared  in  the  acid  cheese  that  were 
not  apparent  in  the  cheese  made  normally.  The  sweet  or  fruity  flavor 
that  was  noticed  in  all  the  cheese  was  more  pronounced  in  the  high 
acid  than  in  the  normal  cheese  of  the  same  day.  In  five  out  of  the 
eight  lots  a  bitter  flavor  in  the  acid  cheese  appeared  that  was  not 
noticeable  in  the  normal  cheese  of  the  same  day.  A  sour  or  old 
whey  flavor  appeared  in  most  of  the  high-acid  cheese. 
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Fio.  2.— QJagram  showing  relation  of  acidity  to  score  of  high-acid  and  normal  cheese. 
RESLT.TS   OF   EXPERIMENTS    CONTRARY   TO   GENERAL   PRACTICE. 


These  results  are  certainly  very  radical  in  view  of  the  belief  of 
cheese  makers  and  the  teaching  of  experts  to  the  contrary.  The 
great  majority  of  cheese  makers  believe  that  a  high  development  of 
acid  is  an  antidote  for  bad  flavors  of  all  kinds,  and  that  it  is  about 
the  only  means  they  have  of  fighting  bad  flavors  as  well  as  gas. 
Whenever  a  period  of  bad  milk  comes  and  the  product  is  off  flavored 
or  gassy,  the  effort  has  always  been  made  to  develop  a  maximum  of 
acid  in  the  whey  as  a  preventive  of  the  trouble.  It  has,  in  fact, 
usually  been  considered  advisable,  where  the  trouble  has  been  pro- 
nounced, to  make  a  slightly  high-acid  cheese,  as  the  high  acid  has 
been  considered  the  less  of  the  two  evils.  This  practice  is  taught  by 
dairy  instructors  and  recommended  by  many  cheese  dealers  who  act 
as  advisers  to  the  cheese  makers  from  whom  they  buy.  The  result 
has  usually  been  that  after  a  few  lots  of  poor  cheese  were  made  at  a 
factory  a  period  of  high-acid  cheese  followed.     The  foregoing  experi- 
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ments  prove  that  this  tendency  to  develop  excessive  acid  is  poor 
policy.  In  fact,  instead  of  minimizing  the  faults  it  makes  them  more 
pronounced,  as  well  as  adding  new  faults  to  the  product. 

It  is  universally  believed  and  taught  that  a  maximum  development 
of  acid  in  the  whey  is  necessary  for  a  satisfactory  and  maximum 
development  of  acid  in  the  matted  curd.  Dean,"  in  some  of  his  work, 
seemed  to  show  that  the  curd  was  ready  for  grinding  and  for  the  press 
at  the  same  time  regardless  of  the  percentage  of  acidity  at  which  the 
milk  was  set  or  the  whey  drawn,  vats  of  divided  milk  being  used  for 
the  experiments.  In  view  of  the  fact  that  the  bacteria  are  held 
within  the  curd  particles  and  the  acid  is  consequently  developed  in 
the  curd,  we  have  no  reason  to  believe  that  this  development  would 
not  go  on  as  fast  in  the  matted  curd  as  in  the  whey.  This  would 
appear  to  be  much  more  reasonable  than  the  old  idea  that  a  maxi- 
mum development  of  acid  in  the  whey  was  necessary  to  hurry  the 
process. 

While  a  high  acidity  is  needed  to  exclude  undesirable  forms  of 
bacteria  and  give  the  cheese  its  desired  characteristics,  this  high 
acidity  can  develop  in  the  matted  curd.  That  there  is  no  virtue  in 
a  high  development  of  acid  in  the  whey  can  be  seen  from  Table  5. 
The  taint  and  the  gas  were  as  bad  in  the  curd  allowed  to  remain  in 
the  whey  until  a  high  acid  was  developed  as  they  were  in  the  curds 
from  the  comparatively  sweet  whey.  The  development  of  high  acid 
in  the  whey  did  not  have  any  effect  on  the  growth  of  injurious  bac- 
teria, as  far  as  could  be  judged  from  the  product.  The  maximum 
amount  of  acid  in  the  whey  at  time  of  drawing  is  about  0.2  per  cent, 
and  this  is  generally  considered  to  be  insufficient  to  check  most  of 
the  injurious  bacteria.  It  is  the  comparatively  high-acid  develop- 
ment which  takes  place  in  the  matted  curd  that  holds  these  bacteria 
in  check. 

From  all  this  evidence  there  is  but  one  conclusion  to  be  drawn, 
namely,  that  the  teaching  which  led  to  a  maximum  development  of 
acid  in  the  whey  was  wrong.  The  high  acid  developed  in  the  whey 
is  likely  to  cause  much  injury,  and  from  the  evidence  at  hand  it  does 
no  good.  With  our  present  knowledge,  however,  it  can  hardly  be 
advised  to  go  to  the  other  extreme  and  run  the  whey  as  sweet  as  pos- 
sible, but  it  is  certainly  evident  that  the  whey  should  be  run  suffi- 
ciently sweet  to  leave  no  possibility  of  making  a  high-acid  cheese. 

An  interesting  feature  of  the  results  of  the  experiments  shown  in 
Tables  1  and  2  is  seen  in  the  lots  where  only  part  of  the  cheese  turned 
out  to  be  high  acid.  The  cheeses  in  those  lots  that  were  placed  in 
storage  direct  from  the  press  showed  no  evidence  of  high  acid,  while 
those  that  remained  in  the  factory  curing  room  for  a  time  before  going 
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into  storage  were  injured  in  texture  and  color.  The  point  in  this 
connection  lies  in  the  fact  that  the  cheese  that  was  injured  in  texture 
and  color  was  likewise  injured  in  flavor.  Whether  the  low  score  on 
flavor  was  simply  coincident  with  the  low  score  on  texture  and 
color  and  due  to  the  longer  time  that  the  cheese  was  held  out  of  stor- 
age, or  whether  there  is  some  unexplained  connection  between  the 
injury  in  texture  and  the  injury  to  flavor,  might  seem  open  to  question. 
It  would  appear  that  the  former  was  the  case  in  part.  If  the  latter 
be  true  it  must  be  considered  that  the  point  in  acidity  which  injures 
the  texture  also  injures  the  flavor.  There  are  reasons  to  believe  that 
this  is  true,  or  at  least  that  the  point  of  acidity  at  which  the  flavor 
is  injured  and  the  point  at  which  the  texture  is  injured  are  not  very 
far  apart. 

There  is  therefore  a  question  in  connection  with  this  which  may 
be  investigated  with  profit.  Whey  can  be  drawn  with  0.2  per  cent  of 
acid  without  injury  to  the  texture  of  the  curd.  Any  acid  above  this 
evidently  injures  both  texture  and  flavor.  Does  the  injury  to  tex- 
ture and  to  flavor  begin  at  the  same  point  in  acidity,  or  does  injury 
to  flavor  begin  with  a  lower  acidity  than  0.2  per  cent  ? 

THE  USE  OF  STABTEB  IN  MILK. 

Nothing  in  this  discussion  should  be  interpreted  as  being  opposed 
to  the  use  of  a  good  starter  in  the  milk  before  setting.  The  develop- 
ment of  acid  is,  according  to  our  present  knowledge  on  the  subject, 
necessary  to  overcome  the  growth  of  gas-producing  and  other  unde- 
sirable forms  of  bacteria.  Bacteriological  investigations  have  shown 
that  if  there  is  a  sufficient  number  of  lactic-acid  bacteria  as  compared 
with  the  other  kinds,  the  lactic-acid  bacteria  increase  to  the  partial 
exclusion  of  many  other  kinds.  When  the  lactic  acid  has  developed 
to  a  relatively  high  degree  it  makes  the  milk  or  the  curd  an  unfavor- 
able place  for  many  kinds  of  bacteria  to  grow.  The  starter  can  be 
added  usually  without  any  danger  of  increasing  the  acidity  to  a 
point  where  it  will  be  difficult  to  cook  to  a  proper  degree  of  firmness 
before  too  high  acidity  has  developed  in  the  whey. 

EFFECT  OF  EABLY  STORAGE  ON  ACID  CHEESE. 

This  work  may  be  considered  a  continuation  of  previous  work 
carried  on  by  the  Dairy  Division  at  Plymouth  during  the  summer  of 
1905.**  It  was  planned  to  determine  definitely  some  of  the  results 
which  sliowed  incidentally  in  the  previous  work.  The  main  point 
which  it  was  desired  to  cover  was  the  effect  of  low  storage  tempera- 
tures on  high-acid  cheese. 
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In  the  report  on  the  previous  storage  work  at  Plymouth  atten- 
tion was  called  to  the  fact  that  in  two  or  three  lots  of  cheese  used 
in  the  tests  the  cheese  which  was  left  in  the  factory  curing  room  for 
from  one  to  tw^o  weeks  at  a  temperature  of  from  55°  to  70°  F.  showed 
decidedly  too  much  acid,  almost  a  so-called  "dead  sour"  in  one  case. 
The  ones  from  the  same  lots  (including  the  dead-sour  lot)  which 
went  directly  from  the  hoop  into  the  rooms  held  at  32°  and  40°  F. 
were  very  slightly  acid,  in  fact  showed  so  little  evidence  of  too  much 
acid  that  the  selling  price  was  not  aflfected  in  the  least.  This  was  a 
decidedly  interesting  point,  and  as  practically  all  cheese  dealers  held 
entirely  opposite  views,  a  thorough  demonstration  of  the  results 
obtained  would  be  of  economic  importance  as  well  as  of  scientific 
value. 

At  the  present  time  most  of  the  cheese  dealers  protest  against 
receiving  a  cheese  under  one  week  of  age,  because  in  a  young  cheese 
too  much  acid  can  not  be  readily  detected.  If  it  can  be  satisfactorily 
shown  that  a  cheese  which  does  not  show  too  much  acid  at  the  time 
it  goes  into  storage  will  come  out  of  storage  in  good  condition  the 
objection  on  the  part  of  the  dealers  to  receiving  very  fresh  goods 
would  be  entirely  overcome,  so  far  as  high  acid  is  concerned. 

A  reference  to  Tables  2  and  3,  which  give  detail^  of  experiments 
intended  to  cover  this  point,  shows  that  the  sooner  a  high-acid 
cheese  is  placed  in  cold  storage  the  better  it  is  for  the  cheese.  This 
is  borne  out  by  the  scoring  of  the  cheese  in  lot  1 .  The  cheese  that 
was  left  in  the  factory  curing  room  for  a  week  before  going  into 
storage  showed  decidedly  acid  and  was  badly  injured,  while  that 
which  went  directly  into  storage  was  not  injured  in  either  texture 
or  color.  In  all  the  other  lots  the  scores  show  that  the  effect  of  the 
high  acid  was  minimized  by  early  storage. 

The  favorable  effect  that  immediate  storage  has  on  high-acid  cheese 
was  very  clearly  demonstrated  also  in  Table  1.  Lots  4,  12,  14,  15, 
16,  19,  20,  22,  26,  and  31  described  in  this  table  were  evidently 
made  up  with  too  much  acid.  The  portions  of  these  lots  that 
remained  in  the  factory  curing  rooms  for  any  length  of  time  after 
making  showed  defects  in  texture  and  color,  while  those  that  went 
directly  into  storage  were  not  injured  in  the  least.  The  average 
score  on  the  high-acid  lots  of  the  cheese  just  referred  to  that  went 
into  storage  at  once  was  78,  while  the  average  score  of  the  lots  that 
went  into  storage  in  one  week  was  74.  Similarly  the  scores  of  the 
lots  in  Table  2  were  72.5  and  67.2,  respectively. 

In  so-called  dead-sour  cheese  early  storage  will  minimize  the 
damage,  but  it  is  not  a  cure,  as  is  evidenced  by  lot  5  in  Table  3.  How- 
ever, the  buyers  can  usually  detect  these  very  sour  cheeses  at  an  early 
age,  and  there  is  no  danger  of  deception.     From  these  experiments 
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it  would  appear  that  the  objection  on  the  part  of  the  buyers  to 
handling  a  cheese  direct  from  the  press  is  not  well  founded. 

CONCLUSIONS. 

1.  In  the  process  of  making  Cheddar  cheese  a  too  high  develop- 
ment of  whey  acid  injures  the  flavor  as  well  as  the  texture  of  the 
curd. 

2.  The  development  of  acid  in  the  matted  curd  overcomes  gas 
and  bad  taints  and  does  not  injure  the  flavor  and  texture. 

3.  Cheese  with  high  acid  should  be  put  into  cold  storage  as  early 
as  possible  to  minimize  the  bad  effect  of  the  acid. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 

Washington,  D.  C,  May  5, 1910. 

Sir:  I  have  the  honor  to. transmit  and  to  recommend  for  pub- 
lication in  the  bulletin  series  of  this  Bureau  a  manuscript  entitled 
''Methods  and  Standards  in  Bomb  Calorimetry,''  by  J.  August  Fries, 
assistant  expert  in  animal  nutrition. 

The  investigation  described  is  a  continuation  of  that  already 
reported  in  Bulletin  94  of  this  Bureau,  and  is  connected  with  the 
work  in  animal  nutrition  conducted  at  State  College,  Pa.,  by  coopera- 
tion between  the  institute  of  animal  nutrition  of  the  Pennsylvania 
State  College  and  this  Bureau  through  its  Animal  Husbandry  Divi- 
sion. The  particular  objects  sought  to  be  attained  by  Mr.  Fries  in  the 
present  paper  are  set  forth  in  the  accompanying  letter  of  Doctor 
Armsby,  the  expert  in  direct  charge  of  the  cooperative  investigations. 

Respectfully, 

A.  D.  MelviN; 

Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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LETTER  OF  SUBMITTAL. 


State  College,  Pa.,  October  20,  1909. 

Sir:  I  have  the  honor  to  submit  herewith  the  results  of  experi- 
ments by  Mr.  J.  August  Fries,  M.  S.,  assistant  expert  in  animal  nutri- 
tion, upon  ''Methods  and  Standards  in  Bomb  Calorimetry." 

The  accurate  determination  of  the  heats  of  combustion  of  organic 
substances  is  not  only  a  fundainental  requirement  in  the  nutrition 
investigations  now  being  conducted  in  cooperation  with  the  insti- 
tute of  animal  nutrition  of  the  Pennsylvania  State  College,  but  is  of 
great  importance  in  many  other  lines  of  both  scientific  and  technolog- 
ical research.  Mr.  Fries's  investigations  are  a  continuation  of  those 
reported  in  Bulletin  94  of  the  Bureau  of  Animal  Industry  and  deal 
essentially  with  the  standardization  of  methods  as  a  means  of  secur- 
ing results  which  shall  be  comparable  among  themselves  and  bear  a 
definite  relation  to  established  physical  constants.  To  this  end  a  new 
method  of  determining  the  hydro  thermal  equivalent  of  the  bomb 
calorimeter  has  been  devised;  the  influence  of  impurities  in  the  oxy- 
gen used,  as  well  as  of  some  other  minor  sources  of  error,  has  been 
studied;  and  a  redetermination  of  the  heat  of  combustion  of  benzoic 
acid  has  been  made  with  reference  to  its  acceptance  as  a  standard 
substance  in  bomb  calorimetry. 

It  is  believed  that  the  results  of  these  investigations  will  be  of 
interest  and  value  to  all  experimenters  who  use  the  bomb  calorimeter 
for  any  purpose. 

Very  respectfully,  Henry  Prentiss  Armsby, 

Expert  in  Animal  Nutrition. 
Dr.  A.  D.  Melvin, 

Chief  of  the  Bureau  of  Animal  Industry. 
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METHODS  AND  STANDARDS  IN  BOMB  CALORIMETRY. 


INTBODXTCTION. 

The  bomb  calorimeter  not  only  is  coming  more  and  more  into  use 
in  research  and  instruction  laboratories,  but  has  also  found  large 
practical  application  in  fuel-testing  laboratories,  and  is  beginning  to 
find  a  place  of  usefulness  as  a  method  of  chemical  analysis.  With 
this  increase  in  bomb-calorimeter  work,  and  consequently  increased 
publication  of  results,  one  fact  has  been  brought  out  very  clearly, 
namely,  that  there  is  at  present  great  lack  of  uniformity  in  the  work. 
Reports  of  the  work  done  in  these  various  kinds  of  laboratories,  by 
differently  trained  men  using  different  types  of  bomb  calorimeters, 
seem  to  indicate  that  calorimetry,  instead  of  becoming  more  per- 
fected and  reliable  by  wider  application,  is  in  a  sense  becoming  more 
chaotic.  One  man's  work  can  not  readily  be  compared  with  that  of 
another.  A  calorie,  in  other  words,  is  not  a  definite  fixed  quantity, 
as  it  should  be  in  bomb-calorimeter  work,  since  no  two  persons  neces- 
sarily agree  concerning  what  standard  to  use. 

HYDROTHERMAL   EQUIVALENT   OF  THE   CALORIMETER. 

Each  individual  bomb  calorimeter  must  have  its  hydrothermal 
equivalent,  or  water  value,  determined;  that  is,  the  number  of  calo- 
ries required  to  raise  the  mass  of  water  and  metal  one  degree  Centi- 
grade. Preferably,  this  should  be  done  at  the  place  where  it  is  to  be 
used,  and  by  the  individual  who  is  to  be  responsible  for  the  work. 
For  this  purpose  it  is  customary  to  burn  substances — like  benzoic 
acid,  naphthalin,  camphor,  cellulose,  sugar,  etc. — of  known  chemical 
composition,  which  as  a  rule  bum  readily,  can  easily  be  obtained  in  a 
high  state  of  purity,  and  whose  heats  of  combustion  are  supposed  to 
be  known.  As  to  the  choice  of  a  substance  against  which  to  stand- 
ardize the  apparatus,  however,  the  investigators  or  operators  do  not 
agree,  each  selecting  according  to  his  own  fancy  and  convenience,  or 
as  influenced  by  some  one  else.  Thus,  some  may  use  several  sub- 
stances while  others  choose  only  one.  One  set  of  analysts  use  naph- 
thalin and  give  it  a  heat  value  of  9,628  calories  per  gram,  while  others 
using  the  same  substance  give  it  a  heat  value  of  9,696  calories  per 
gram.  Some  use  benzoic  acid,  accepting  6,322  calories  per  gram  as 
its  heat  of  combustion  value,  while  others  regard  this  as  too  low,  and 
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use  6^335  or  some  other  number  of  calories  as  the  correct  value  for  the 
standard  on  which  their  work  is  based.  Such  cases  could  be  multi- 
pUed.     Each  man  for  himself,  apparently,  is  the  condition. 

NECESSITY  OF   A   COMMON   STANDARD. 

Now,  if  work  of  this  nature  is  to  reach  its  greatest  usefulness — that 
is,  if  the  work  of  each  individual  is  to  be  relied  upon  to  mean  a  defi- 
nite thing  and  thus  be  of  use  to  everybody  else  interested  in  the  same 
line  of  work — then  we  need  above  all  things  one  common  standard. 
The  writer  beUeves  that  it  is  high  time  that  some  single  substance  be 
chosen,  a  heat  value  agreed  upon,  and  that  substance  in  some  way 
recognized  as  a  standard  for  bomb-calorimeter  work.  In  the  future, 
should  the  heat  value  of  such  a  substance  have  to  be  slightly  changed, 
results  wovdd  still  be  useful  and  comparable  after  a  little  calculation. 

From  his  own  personal  experience  with  the  substances  mentioned, 
the  writer  believes  that  benzoic  acid  meets  the  requirements  for  a 
standard  better  than  any  of  the  other  substances,  and  considers  it 
the  most  suitable  that  could  be  selected  for  such  a  standard.  It  was, 
therefore,  for  the  purpose  of  calling  attention  to  existing  conditions 
and  with  the  hope  of  perchance  being  able  to  do  something  which 
should  help  to  bring  to  pass  in  the  near  future  the  adoption  of  such  a 
standard  that  a  redetermination  of  the  heat  of  combustion  of  benzoic 
acid  was  undertaken. 

The  plan  of  the  undertaking  was  to  determine  again  the  heat  of 
combustion  of  benzoic  acid,  independently  of  all  previous  determina- 
tions of  the  heat  of  combustion  of  any  organic  substance  whatsoever, 
using  an  improved  bomb  calorimeter  recently  described.*  The 
problem  itself,  which  it  was  desired  to  work  out  step  by  step,  with 
reference  to  the  material  and  apparatus  on  hand,  can  be  stated  as 
follows: 

Having  a  new  bomb  calorimeter  of  tmknown  hydrothermal  equiva- 
lent, or  water  value,  also  an  oxygen  supply  of  undetermined  correc- 
tion for  any  combustible  gases  which  may  be  present  as  impurity, 
and  assuming  that  no  organic  substance  exists  which  has  had  its  heat 
of  combustion  accurately  determined  so  as  to  be  referred  to  or 
accepted  as  a  standard;  to  determine  the  heat  of  combustion  of 
benzoic  acid. 

DETEIIMINATIGN  OF  THE  WATER  VALUE  OF  THE  BOMB  CALO- 

BIMETEB. 

The  first  requirement  in  order  to  solve  the  problem  before  us  is  to 
determine  the  water  equivalent  of  the  whole  bomb-calorimeter  sys- 
tem, assuming  also  that  no  substance  with  a  known  heat  of  combus- 
tion value  was  to  be  had.     In  order  to  determine  this  water  value  of 

oThe  Journal  of  the  American  Chemical  Society,  Vol.  XXI,  p.  272,  1909. 
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the  apparatus  two  known  methods,  one  of  which  at  least  is  frequently 
referred  to  in  connection  with  the  bomb  calorimeter,  were  used,  and 
also  a  third  method  devised  by  the  vrriter. 


BY  COMPUTATION  OF  COMPONENT  PABT8. 

The  first  and  more  commonly  used  of  the  two  known  methods  con- 
sists in  computing  from  the  weight  of  each  of  the  component  parts  of 
the  bomb  system  and  the  corresponding  specific  heats  the  water  value 
of  each  substance,  the  sum  of  all  giving  the  water  equivalent  of  the 
whole  system  or  apparatus.  This  method  is  not  necessarily  abso- 
lutely correct,  since  the  weight  of  some  of  the  parts  can  only  be 
known  approximately,  as,  for  instance,  the  glass  and  mercury  of  the 
thermometer,  small  rubber  pieces,  etc.,  which  can  not  be  discon- 
nected or  weighed.  Further,  the  specific  heat  of  the  particular  steel 
used  for  the  bomb  itself  has  not  been  determined,  nor  is  it  certain 
that  the  other  specific  heats  are  all  absolutely  correct.  However, 
while  we  can  not  claim  absolute  correctness  for  this  method,  the  total 
value  obtained  for  the  whole  system,  including  the  water,  need  not 
vary  more  than  a  few  hundredths,  or  at  most  a  very  few  tenths,  of  1 
per  cent  from  the  true  water  value. 

The  apparatus  in  question  was  an  Atwater-Hempel  bomb  calori- 
meter, having  the  top  modified  so  as  to  permit  the  determination 
of  the  carbon  dioxid  after  a  combustion.  The  modification  consists 
in  having,  besides  the  usual  valve  and  opening  for  the  intake  of 
oxygen,  an  outlet  terminating  in  a  platinum  tube  near  the  bottom  of 
the  bomb  and  through  which  the  gases  are  removed  for  analysis. 

From  the  weight  of  each  of  its  different  parts  and  their  respective 
specific  heats;  the  following  water  value  for  the  bomb  calorimeter 
system  was  obtained : 

Table  1. — Computed  water  value  of  bomb  calorimeter. 


Material. 


steel 

Platinum 

Lead 

Qerman  silver  (approximate). 

Rubber  (approximate) 

Iron  (approximate) 

Mercury  (approximate) 

Glass  (approximate) 

Britannia  metal 

Oxygen  (constant  volume) . . . 
Water  at  22*  C , 


Weight. 

Specific 
beats. 

Oranu. 

3,236.0 

a  0.1114 

196.0 

a. 0320 

66.0 

0.0300 

4.0 

a.  0040 

4.0 

».3310 

10.0 

a.  1114 

60.0 

0.0330 

10.0 

0.1900 

865.0 

0.0648 

11.4 

o. 1570 

2,000.0 

e.9975 

Water 
equivalent. 


Oranu. 

360.40 

6.27 

1.98 

0.38 

1.32 

1.11 

1.65 

1.90 

46.85 

1.79 

1,095!  00 


TVrtal. 


I 


2,418.74 


o  The  Journal  of  the  American  Chemical  Society.    Vol.  XXV,  p.  694.    1903. 

b  H.  W.  Wiley.    Principles  and  Practice  of  Agricultural  Analysis.    Vol.  Ill,  p.  573.    1807. 

c  Annalen  der  Physik.  ser.  4, 16,  616  (1905.) 
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Except  in  the  cases  of  rubber  and  water,  the  specific  heats  used  in 
the  above  computation  are  those  used  by  Atwater  in  determining 
the  water  value  of  his  bomb  calorimeter.  For  the  small  quantity  of 
iron  in  the  connectors  the  same  specific  heat  is  used  as  for  the  steel. 
The  specific  heat  of  water  is  the  average  result  of  Dieterici  and 
Barnes's  determinations. 

According  to  Table  1,  the  total  water  equivalent  of  the  whole 
bomb-calorimeter  system,  including  the  water,  is  2,418.74,  or  without 
the  water  it  is  423.74.  Should  the  other  value  given  by  Atwater  for 
steel  (0.1087  specific  heat)  be  used,  the  water  equivalent  would  be 
415,  or  2,410  including  the  water.  The  water  in  which  the  bomb 
is  immersed  and  through  which  the  heat  is  measured  should  always 
be  the  same  in  amount  in  order  to  insure  the  same  water  level 
in  the  cyUnder,  thus  keeping  the  conditions  unchanged.  With  this 
apparatus  2,000  grams  of  water  will  immerse  the  bomb  completely, 
and  is  the  quantity  which  was  uniformly  employed. 

THE    ELECTRIC   METHOD. 

The  second  method  employed  in  determining  the  water  equivalent 
consisted  in  generating  a  measured  amount  of  heat  in  the  bomb  by 
means  of  an  electric  current  passing  through  a  resistance  coil.  The 
generation  of  heat  in  the  bomb  and  the  measurement  of  the  rise  in 
temperature  due  to  it  were  done  under  the  same  conditions  as  when 
a  substance  is  burned  for  its  energy  determination,  except  that  no 
oxygen  was  introduced  into  the  bomb.  Correction,  therefore,  must 
be  made  for  the  usual  amount  of  oxygen  in  computing  the  results. 

The  test  was  made  in  the  following  manner:  About  10  inches  of 
size  26  B.  &  S.  =  0.016  '^nichrome^'  resistance  wire  was  made  into  a 
smaU  coil  which  was  connected  to  the  two  platinum  wires  in  the 
bomb  in  such  a  manner  that  the  heat  would  be  generated  at  about 
the  same  place  as  where  the  substances  analyzed  are  burned.  The 
resistance  of  this  wire  coil  was  about  1.38  ohms.  Next,  the  bomb 
was  closed,  placed  in  the  water,  and  connected  up  as  for  a  determina- 
tion of  heat  of  combustion,  and  the  two  insulated  copper  wires  lead- 
ing from  the  bomb  were  connected  to  the  electrical  instrument.  The 
electric  current  was  supplied  by  six  storage  cells  and  was  measured 
by  voltmeter  and  ammeter.  After  starting  the  stirrer  and  taking 
the  usual  few  minutes  preliminary  readings  of  the  water  tempera- 
tures, the  switch  was  closed  at  a  given  signal  and  the  current  from 
the  six  cells  sent  through  the  bomb.  It  was  allowed  to  flow  through 
for  a  number  of  minutes,  the  readings  of  the  voltmeter  and  ammeter 
being  taken  every  half  minute.  The  water  temperature  was  taken 
eveiy  minute  by  means  of  a  Beckman  thermometer  read  to  0.001°  C. 
During  the  first  few  trials  the  voltmeter  and  ammeter  used  were  the 
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commercial,  so-called  American,  instruments,  the  ammeter  having  an 
external  shunt. 

The  various  observations  noted  during  one  of  these  trials  in  which 
the  electric  current  was  on  continuously  for  12  minutes  are  found 
in  Table  2. 

Table  2. — Electrk  determinaticn  of  v;€Uer  equivalent. 


Period. 

Time. 

Temperat 
rim 

As  read. 

ure  of  calo- 
eter. 

Voltmeter. 

Ammeter. 

Corrected. 

1 

Prplirnfn^ry , 

• 

MimUe*. 
1.0 
2.0 
3.0 
4.0 
5.0 

•  C. 
1.236 
1.239 
1.244 
1.247 
1.252 

1.2432 

VolU. 

Ampere*. 

1.2592 

CuiTOQt  on 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 

9.0 

9.5 

10.0 

10.5 

11.0 

11.5 

12.0 

12.5 

13.0 

13.5 

14.0 

14.5 

15.0 

15.5 

16.0 

16.5 

17.0 

1 

11.68 
11.62 
11.60 
11.60 
11.59 
11.59 
11.58 
11.58 
11.58 
11.58 
11.58 
11.58 
11.58 
11.58 
11.58 
11.58 
11.58 
11.58 
11.58 
11.58 
11.58 
11.58 
11.58 
11.58 

4.62 

1.370 

1.3781 

4.60 
4.60 

1.660 

1.6696 

4.60 
4.58 

1.970 

1.9807 

4.58 
4.58 

2.280 

2.2918 

4.58 
4.60 

2.505 

2.6084 

4.60 
4.60 

2.910 

2.9240 

4.60 
4.60 

3.225 

3.2385 

4.60 
4.60 

3.545 

3.5567 

4.60 
4.60 

3.845 

3.8564 

4.60 
4.60 

4.155 

4.1667 

4.60 
4.60 

4.470 

4.4816 

4.60 
4.60 

4.780 

4.7914 

4.60 

Enualif iTTf?-  ,.r-.r.T, 

18.0 
19.0 
20.0 
21.0 

4.974 
5.005 
5.UU8 
5.009 

4.9860 
5.0170 
5.0200 
5.0210 



1 

End  period 

22.0 
23.0 
24.0 
25.0 

5.006 
5.004 
6.001 
4.998 

• 

« 

• 

5.0100 

The  ammeter  used  had  an  initial  correction  of  0.16,  which  has  to 
be  added  to  the  average  of  the  readings.  Accordingly,  the  average 
for  the  current  was: 

For  total  time,  11.588  volts,  4.757  amperes;  for  last  8  minutes,  11.58  \olts, 

4.76  amperes. 
Room  temperature,  24^  0. 
Temperature  of  water  at  beginning,  21.2°  C. 
Temperature  of  water  at  end,  25.0°  C 

Most  of  the  figures  found  in  the  second  column  of  Table  2  were 
read  when  the  mercury  column  in  the  thermometer  was  moving 
rather  fast,  hence  a  ±  error  of  one  or  two  thousandths  of  a  degree 
could  readily  be  made,  but  any  error  of  that  kind  is  reduced  to  a 
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minimum  by  the  number  of  readings  taken.  If  we  examine  the 
table,  we  notice  that  from  about  the  third  minute  there  was  a  uniform 
increase  in  temperature  of  the  bomb  system,  while  the  voltmeter 
and  ammeter  remained  unchanged,  indicating  a  constant  current. 
Because  of  this  constancy,  as  regards  both  the  current  and  the  rise 
in  temperature  of  the  calorimeter,  the  results  of  the  test  can  be 
worked  out  either  from  the  total  rise  in  temperature  and  total  heat 
generated,  or  from  a  section  of  the  time  consisting  of  the  last  8  or  9 
minutes. 

The  radiation  correction,  or  correction  due  to  the  influence  of  the 
surrounding  air  conditions,  in  the  case  of  the  electric  tests,  as  well  as 
in  all  the  following  determinations  of  heats  of  combustion,  has  been 
worked  out  by  using  the  Regnault-Pfaundler  formula  * — 

^""q  ==  sum  of  readings  minus  1  increased  by  an  arbitrary  factor  '^   ^ 

V  =  average  rate  of  radiation  during  preliminary  period. 
v'  =  average  rate  of  radiation  during  end  period. 
On  =  number  of  readings  during  combustion  period. 

t  =  average  of  preliminary  thermometer  readings. 

t'  =  average  of  end  period  thermometer  readings. 

Applying  the  correction  thus  foimd  to  the  entire  test  represented 

by  Table  2,  we  have: 

•c 

Last  reading  of  the  heating  period +5. 0210 

First  reading  of  the  heating  period —1. 2592 

Radiation  correction —  .  0029 

Correction  for  thermometer  lag —  .  0010 

Total  rise  in  temperature 3.  7579 

If  we  take  a  section  consisting  of  the  last  8  minutes  of  the  test, 

and  represent  by  means  of  a  curve  the  gain  and  loss  to  the  system 

by  radiation,  we  obtain  a  correction  of  +0.0013°  C.  and  a  correction 

for  thermometer  lag  of  —0.0005°  C.     Applying  these  corrections  to 

the  last  8  minutes,  we  have : 

•c 

Thermometer  reading  for  the  twelfth  minute -|-4. 7914 

Thermometer  reading  for  the  fourth  minute —2. 2918 

Radiation  correction +  .  0013 

Correction  for  thermometer  lag —  .  0005 

Corrected  rise  for  8  minutes 2.  5004 

In  computing  the  heat  generated,  in  the  bomb  by  the  electric  cur- 
rent and  the  corresponding  water  equivalent  of  the  apparatus  the 

o  H.  W.  Wiley.     Principles  and  Practice  of  Agricultural  Analysis.     1897.     Vol. 
Ill,  p.  572. 
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mean  small  calorie  is  used,  that  is,  one  one-hundredth  of  the  heat 

required  to  heat  1  gram  of  water  from  0^  to  100^  C,  equivalent  to 

4.1834  Joules.^*    The  electrical  energy  developed  in  the  bomb  and 

measured  as  heat  would  then  be  expressed  in  calories  by  the  following 

formula: 

Ai  1             volts  X  amperes  X  seconds 
Lalones ^  J-^^^ 

During  the  12  minutes,  or  720  seconds,  we  had  the  following  amount 
of  heat  evolved  in  the  bomb: 

1 1.588  X 4.767  X 720  -^ 4.1834  =  9,487.4  calories, 
and 

9,487.4  calories -^ 3.7579®  rise  =  2,524.7  grams  water  equivalent. 

At  the  time  of  the  test  there  was  no  oxygen  in  the  bomb;  hence 
a  correction  for  the  amount  usually  present  in  the  bomb  must  be 
applied.  The  amount  of  oxygen  in  this  bomb  at  20  atmospheres 
pressure  equals  10.24  grams,  which,  multiplied  by  0.157 — the  specific 
heat  of  oxygen  at  constant  volume — equals  1.6  grams  water,  which 
must  be  added  to  the  results  found  for  the  whole  system,  giving 
2,624.7  + 1.6  =  2,526.3  grams  as  the  water  equivalent. 

For  the  8-minute  section  referred  to  we  have: 
1 1.580  X  4.76  X  480-^-4.1834  =  6,324.5  calories, 
and 

6,324.5  ^  2.5004  =  2,529.3  grams.    Adding  1 .6  for  the  oxygen  to  it  gives 

a  water  equivalent  of  2,530.9. 

Two  other  tests  with  the  same  instruments  were  made,  one  having 
the  current  on  for  10  minutes  and  the  other  for  12  minutes,  and 
worked  out  in  the  manner  already  described,  the  results  of  the  three 
tests  being  given  in  Table  3  below. 

Table  3. — Water  equivalent  of  calorimeter  by  three  electric  tests. 


Test 


Time. 

f  Total  12  minutes 

(Last  8  minutes 

[Total  10  minutes 

iLast  6  minutes 

fTotal  12  minutes.... 
[Last  8  minutes 


Heat 
evolved  in 
the  bomb. 

CWortM. 

Corrected 
rise  in  tem- 
perature. 

•c. 

Water 
equivalent. 

Correction 
for  0|. 

Ontm*. 

Orams. 

9,487.4 

3.7579 

2,524.7 

1.6 

«.324  5 

2.5004 

2,529.3 

1.6 

7,969.6 

3. 1374 

2,540. 1 

1.6 

4,759.2 

1.8885 

2,520.1 

1.6 

9,486.9 

3.7603 

2,522.9 

1.6 

6,313.0 

2.4910 

2,534.3 

1.6 

Water 
equivalent 
corrected. 


Oranu. 
2,526.3 
2,53a9 
2,541.7 
2,521.7 
2,524.6 
2,53&9 


The  average  water  value  of  the  three  tests  obtained  when  the  total 
heat  is  used  is  equivalent  to  2,530.8  grams  of  water,  and  when  the 
effect  of  the  last  8  and  6  minutes  of  the  electric  current  is  considered, 
the  average  water  value  is  equal  to  2,529.5  grams. 


a  A.  W.  Smith.    Monthly  Weather  Review  for  October,  1907,  p.  11. 
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These  results  are  about  4.6  per  cent  higher  than  that  calculated  from 
the  weights  and  specific  heats  of  the  material  of  the  bomb.  Among 
themselves,  the  results  agree  fairly  well,  an  indication  that  the  source 
of  error,  if  any  exists,  must  be  a  constant  one.  Suspicion  fell  upon 
the  ammeter,  which  already  had  an  initial  error  of  +0.16  ampere,  and 
the  possibility  of  electrolytic  action  upon  the  water.  Another 
ammeter  was  used,  this  time  a  Weston  instrument,  and  a  piece  of 
rubber  tubing  was  shpped  over  the  metal  connector  so  as  to  have  no 
metal  in  direct  contact  with  the  water.  Two  tests  were  made  under 
these  conditions,  the  electric  current  being  on  for  12  minutes  in  each 
case. 

Without  reproducing  the  readings  of  the  instruments,  etc.,  the 
total  heat  as  well  as  the  heat  evolved  in  the  bomb  during  the  last 
9  minutes,  the  corresponding  rise  in  temperature,  and  the  water 
equivalent  of  the  bomb  system  are  shown  in  Table  4. 

Table  4. — Water  equivalent  of  calorimeter  by  two  electric  testa. 


Test. 


1 
2 


Time. 

fTotal  12  minutes.... 

[Last  9  minutes 

fTotal  12  minutes.... 
LLast  9  minutes 


Heat 
evolved  in 
the  bomb. 


CMories. 
9,125.5 
6,828.7 
9,066.1 
6,790.5 


Corrected 

rise  in  tern- 

peratore. 


•C. 

3.6085 

2.7550 

3.6710 

2,7445 


Water 
equivalent. 


Oramt. 
2,467.3 
2,478.6 
2,469.6 
2,474.2 


Correction 
forOi. 


QravM. 
1.6 
1.6 
1.6 
1.6 


Water 

equivalent 
corrected. 


Omnu. 
2,468.9 
2.480.2 
2,471.2 
2.47&8 


With  instruments  of  this  kind  where  the  hundredth  part  of  an 
ampere  or  volt  has  to  be  estimated  it  can  not  be  claimed  nor  expected 
that  the  results  should  be  reliable  to  within  ±0.5  per  cent.  The 
average  of  the  above  water  equivalents  equals  2,474  grams,  which 
is  still  over  2  per  cent  above  that  computed  from  the  specific  heats. 
It  was  therefore  decided  to  test  one  more  possible  source  of  error, 
viz,  the  evaporation  of  water  from  the  system  under  the  existing 
laboratory  conditions. 


ERROR  DUE  TO  EVAPORATION  OF  WATER. 


The  evaporation  from  the  surface  of  the  water  in  the  cylinder  con- 
taining the  bomb  is  held  to  be  of  so  little  consequence  that  it  is  gen- 
erally entirely  neglected,  but  the  writer  made  a  few  tests  in  order  to 
get  results  which  should  apply  to  this  apparatus,  locality,  and  labo- 
ratory. In  the  Atwater-Hempel  bomb  calorimeter  the  water  cylin- 
der is  surrounded  by  two  separate  dead-air  spaces,  and  the  two  covers 
for  these  spaces  are  of  smooth  hard  rubber.  These  covers  fit  snugly, 
so  that  practically  there  can  be  no  currents  in  the  inclosed  air. 

The  tests  were  made  in  the  following  manner:  The  water  cylinder 
was  filled  with  water  to  the  same  level  as  when  the  bomb  is  in  place. 
The  stirrer  was  placed  in  the  water,  and  to  represent  the  two  rubber- 
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covered  connecting  wires  for  the  electric  current,  two  similar  small 
pieces  of  rubber-covered  wire  were  suspended  from. the  edge  of  the 
ve^ssel  dipping  into  the  water.  The  cylinder  was  then  weighed  to  0.01 
gram  and  the  exact  time  noted.  It  was  then  quickly  put  in  its  place 
and  the  stirrer  operated  as  during  a  combustion  for  from  15  to  30 
minutes.  The  time  of  starting  and  stopping  the  stirrer,  as  well  as 
the  time  of  weighing,  was  noted. 

These  evaporation  tests  were  carried  on  in  the  calorimeter  both 
with  the  stirrer  in  operation  and  with  the  stirrer  standing  undisturbed, 
but  covered.  The  water  was  also  left  standing  exposed  to  the  air  of 
the  laboratory  in  a  place  where  there  was  no  draft.  Standing  exposed 
in  the  laboratory,  the  average  of  several  trials  was  0.0193  gram  of 
water  evaporated  per  minute,  whereas  standing  covered  in  the  bomb 
calorimeter  the  evaporation  was  only  0.0034  gram  per  minute. 
When  the  stirrer  was  in  operation,  the  evaporation  increased.  Below 
are  given  the  details  of  one  of  the  trials: 


Table  b.— Evaporation  of 

water  from 

calorimeter. 

Items. 

Time. 

Weight  of  ves- 
sel +  water, 
stirrer,  etc. 

Stirrer  started 

9.40  a.  m 

OravM. 

Stirrer  stoDoed - 

10. 10  a.  m 

Difference 

30  minutes 

Welch t  before  taken  . 

9.38  a.  m 

3.  GOO.  56 

Weieht  after  taken 

10. 13  a.  m 

3, 600. 12 

Difference 

36  minutes 

.44 

Temperature  of  room,  21°  G. 
Temperature  of  water,  21**  C. 
Time  of  stirring  the  water,  30  minutes. 
Time  required  for  handling,  5  minutes. 
Correction  for  5  minutes,  5X0.0193=0.097  gram  H^O. 

0.44—0.097=0.343  gram  evaporated  during  30  minutes,  or  0.0114  gram  per 
minute. 

Ten  trials  showed  the  following  rates  of  evaporation  per  minute: 

Oram. 

No.  1... 0.0067 

No.  2 0113 

No.  3 0075 

No.  4 0122 

No.  5 0114 

No.  6 0085 

No.  7 0107 

No.  8 0044 

No.  9 0048 

No.  10 0075 

Average 0085 
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These  tests  were  made  between  November  30  and  January  17. 

The  above  evaporation,  though  small,  makes  a  correction  which 
should  not  be  neglected,  especially  when  small  charges  are  used,  or 
chaises  in  any  way  differing  from  the  quantity  used  in  the  stand- 
ardization of  the  apparatus.  The  heat  of  water  at  21^  C.  is,  accord- 
ing to  Prof.  A.  W.  Smith,**  equal  to  585.26  mean  calories  for  1  gram 
of  water. 

.  If  we  apply  the  above  correction  to  the  last-mentioned  electric 
tests  (Table  4)  it  would  be  le**  minutes  X  0.008  gram  HjO  =  0.128 
gram  H,0  and  0.128x585.26=74.93  calories  to  be  subtracted  from 
the  calories  given  in  the  first  column  opposite  the  total  for  12  minutes. 
For  the  9  minutes  section  the  correction  would  be  9  X  0.008  =  0.072 
gram  HjO,  and  0.072  X585.26« 42.14  calories.  Recalculating,  the 
four  water  values  would  be: 

2, 447. 09 
2, 463. 36 
2, 449. 24 
2, 458. 87 

Average=2, 454. 64 

This  corrected  average  water  value  is  still  over  1.3  per  cent  greater 
than  that  computed  according  to  the  first  method,  and  the  difference 
is  undoubtedly  too  large  to  be  ascribed  to  the  manipulation  or  reading 
of  the  instrument.  In  all  probability  some  electrolysis  of  water 
must  have  taken  place  in  spite  of  the  precaution  taken,  and  we  can 
not  be  sure  on  this  point,  since  the  connection  was  not  dry.  Any 
error  due  to  condensation  of  moisture  on  the  outside  of  the  water 
vessel,  and  subsequent  evaporation  of  the  same,  has  not  been  ob- 
served and  can  at  best  be  but  small. 

The  evaporation  tests  may  throw  some  light  upon  this  problem  of 
condensation,  etc.  The  inner  air  space  or  layer  of  air  which  sur- 
rounds the  water  cyhnder  in  the  calorimeter  equals  about  4  Uters. 
At  22®  C.  these  4  Uters  of  air  when  saturated  would  contain  0.0772 
gram  of  water.  In  about  9  minutes,  therefore,  perfectly  dry  air 
should  become  fully  saturated  and  the  evaporation  cease.  This  is 
not  the  case.  The  tests  showed  that  the  evaporation  continued 
unchecked,  and  in  the  particular  test  already  referred  to  there  was  a 
loss  of  0.343  gram  of  water  in  30  minutes,  enough  water  to  saturate 
17.8  Uters  of  dry  air.  But  since  the  air  in  the  calorimeter  laboratory 
always  contains  some  moisture,  in  reality  a  much  larger  volume  of 
air  would  be  saturated.  The  fiber  envelope  is  supposed  to  be  water- 
proof, and  hence  it  is  very  unUkely  that  the  water  vapor  is  absorbed. 
It  would  seem  that  the  water  vapor  which  is  produced  at  the  surface 
of  the  water,  near  the  cover,  escapes  to  the  outside  by  means  of  its 

o  PhyBical  Review,  Vol.  XXV,  No.  3,  Sept.,  1907,  p.  170. 

^Thifl  refers  to  the  total  time  influenced  by  the  evaporation  of  water  when  the  total 
heat  generated  during  the  full  time  of  12  mmuten  is  considered. 
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own  pressure  through  the  openings  in  and  around  the  cover.  This 
unchecked  evaporation  and  free  escape  of  the  vapor  seems  to  indicate 
that  the  inclosed  air  need  not  necessarily  be  affected  much,  except  at 
the  very  top,  and  that  the  air  layer  around  the  water  cylinder  is 
slowly  changed  by  diffusion  and  convection  currents. 

A  direct  test,  by  a  wet  and  a  dry  bulb  thermometer,  which  were 
6.0®  G.  apart  when  standing  quietly  in  the  laboratory,  showed  that 
there  was  no  eflfect  whatever  upon  the  moisture  conditions  in  the  air 
space  during  10  minutes'  operation  of  the  bomb.  These  thermom- 
eters, bulbs  one-third  down  in  the  space,  stood  3.0°  C.  apart  and 
remained  so;  hence  there  could  be  no  condensation  of  moisture  on 
the  sides  of  the  vessel. 

If,  now,  the  water  cylinder  as  it  is  placed  in  position  is  a  little  (say 
0.5  to  1°  C.)  colder  than  the  air  surrounding  it,  and  the  air  is  saturated 
with  moisture,  condensation  would  begin,  but  the  conditions  in  the 
bomb  room  have  never  at  the  time  of  making  a  combustion  been 
such  that  a  condensation  would  have  taken  place  at  the  start  with 
only  one  degree  difference  in  temperature.  The  water  cylinder  is  in 
the  calorimeter  only  a  few  minutes,  as  a  rule,  before  the  substance  is 
ignited,  and  it  is  questionable  if  in  that  length  of  time  the  conditions 
of  the  air  have  changed  enough  so  that  a  condensation  can  take  place, 
except,  perhaps,  at  the  upper  rim  of  the  vessel.  In  less  than  a  minute 
after  ignition,  the  temperature  of  the  water  is  higher  than  that  of  the 
surrounding  air,  and  hence  evaporation  of  any  water  which  had  been 
condensed  on  the  vessel  before  the  ignition  took  plac^  would  begin. 
Whether  any  condensation  or  evaporation  does  take  place  has  not 
been  experimentally  demonstrated,  but  from  the  very  nature  of  the 
existing  conditions  at  this  place,  errors  due  to  them  may  be  assumed 
to  be  entirely  negligible. 

As  a  check  on  these  evaporation  results,  on  a  clear  bright  day  a 
special  test  was  made  as  follows:  The  water  cylinder,  filled  wuth 
water  to  within  one-half  inch  of  the  top,  was  placed  in  position  in  the 
calorimeter  container,  as  during  an  energy  determination,  but  with- 
out the  stirrer.  The  covers  were  put  on  as  before  and  the  cylinder 
was  allowed  to  stand  for  20  minutes.  It  was  taken  out  and  reweighed 
quickly,  and  put  back  the  second  time  for  20  minutes.  After  that  it 
was  allowed  to  stand  in  the  laboratory  for  24  minutes  before  being 
weighed,  another  weight  being  taken  8  minutes  later.  During  this 
laboratory  test  the  windows  and  doors  were  closed  so  that  there  was 
no  draft  to  influence  the  evaporation.  Next,  a  piece  of  paraffined 
paper  was  fitted  over  the  top  of  the  water  cylinder  and  sealed  by 
means  of  melted  soft  wax.  The  cylinder  was  weighed  and  put  in 
position  in  the  calorimeter  container  as  before  and  reweighed  after  20 
minutes.     After  that  it  was  allowed  to  stand  in  the  laboratory  and 
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was  weighed  after  different  intervals.     The  results  are  as  given  in 


Table  6. 


Table  6. — Evaporation  tests. 


Water  cylinder.                          ^""TiSiu"  ^ 

i 

Jfethod. 

1 

Time           u>iirht 
welgiied.         ^e»«"t- 

1 

Time 

placed  in 

position 

and 
removed. 

In  labora- 
tory. 

Oram  HtO. 

In  bomb 
room. 

CYLINDER   UNCX)VERED. 

Bomb  room,  first  trial .« 

9.14  a.  m 

Oramt. 
3. 480. 43 

9. 15  a.  m . . 

Oram  HsO. 

9.3t'>ia.  m...       3,480.32     9.35  a.  m.. 

Difference 

22^  mins .11     20min8... 

Bomb  room,  second  trial 

9.30ia.  m...       3.480.32 
9.58  a.m....        3,480.21 

9.37|  a.  m. 
9.57i  a.  m . 

Difference 

21^  mlns .11 

20  mins. .. 

A  verafte 

0.0035 

Laboratory,  first  trial 

9.58  a.m....       3.'480.21 
10.22  a.m...       3,479.71 

0.0197 
0.0000 

Difference 

Laboratory,  second  trial 

24  niins 

.50 

10.22a.  m... 
10.30  a.  m . . . 

3.479.71 

Difference 

A  veraze 

3. 479. 58 

_  _  -  . 

8  mins .13 

CYLINDER  SEALED. 

Bomb  room 10.37  a.  m . . . 

3,483.86 

10.59  ft.  m  _ . . 

3. 4H3. 8t) 

Difference 

Laboratory,  first  trial 

22mlns 

0.00 

10.59a.  m... 
11.29  a.  m... 

3. 483. m 
3,483.86 

Difference 

Laboratory,  second  trial 

— 

30  mins 

11.29a.  m... 
2.4()p.  m... 

0.00 

3. 483. 86 
.3,483.87 

-  -        -  — = 

Difference 

Average 

197  mins 

+.01 

0.0000 

From  this  test  we  see  that  the  change  in  weight  of  the  water  cylin- 
der in  the  previous  tests  was  due  entirely  to  evaporation  from  the 
surface  of  the  liquid  water,  and  that  there  was  no  condensation  on  the 
sides  of  the  cylinder  or  evaporation  of  any  condensed  moisture. 
During  the  test  the  temperature  of  the  bomb  room  was  24°  C,  and 
the  wet-bulb  thermometer  (having  the  bulb  surrounded  by  a  piece  of 
moistened  filter  paper  and  swung  back  and  forth)  registered  16°  C. 
The  temperature  of  the  water  was  24°  C,  and  in  the  laboratory  the 
dry  thermometer  registered  26.5°  C,  and  the  wet-bulb  thermometer 
16°  C. 

The  water  equivalent  of  the  bomb  as  determined  by  the  electrical 
tests  which  have  been  described  is  not  satisfactory,  but  the  tests 
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have,  nevertheless,  been  useful  and  seem  to  justify  the  following 
conclusions : 

1.  The  tendency  of  the  electric  method  is  to  give  results  that  are 
too  high. 

2.  There  are  many  chances  for  error  connected  with  an  electric 
test,  even  if  the  instruments  used  have  been  carefully  calibrated. 

3.  Instruments  which  can  be  read  to  the  hundredth  part  of  an 
ampere  and  volt  only  by  estimation  are  not  accurate  enough  for  the 
best  "work. 

4.  There  is  a  possibility  of  electrolysis  of  water;  hence  the  con- 
nection to  the  one  wire  in  the  bomb  should  not  only  be  insulated  from 
the  metal  off  the  bomb,  but  thoroughly  insulated  from  the  water 
surrounding  the  bomb  as  well.  . 

5.  The  tests  led  to  a  more  thorough  investigation  of  the  error  due 
to  evaporation  of  water  during  a  bomb  combustion,  showing  that 
under  usual  laboratory  conditions  there  is  an  error  which  must  be 
taken  into  account,  at  least  when  less  or  more  beat  is  generated  in 
the  bomb  than  was  generated  at  the  time  of  its  standardization. 

A   THIRD   METHOD. 

The  uncertainty  of  the  foregoing  results  prompted  the  working  out 
of  a  simple  and  perfectly  reliable  method  for  the  determination  of  the 
water  equivalent  of  the  calorimeter. 

The  principle  of  this  method  consists  in  burning  equal  charges  of  a 
substance  in  the  bomb,  first,  under  exactly  the  same  conditions  as 
when  a  heat  determination  is  made,  and,  secondly,  after  having,  with- 
out changing  any  of  the  external  conditions,  such  as  level  of  water, 
etc.,  reduced  the  water  equivalent  of  the  system.  The  same  amount 
of  oxygen  is  used  in  each  case.  From  the  difference  in  rise  of 
temperature  and  the  difference  in  water  equivalent  it  is  possible  to 
determine  very  accurately  the  water  value  of  the  calorimeter. 

By  this  method  it  is  possible,  first,  to  use  a  substance  of  unknown 
or  only  approximately  known  heat  of  combustion  and  an  oxygen 
supply  of  unknown  purity  to  determine  the  water  equivalent  of  the 
apparatus,  and  then  by  means  of  this  new  water  equivalent  and  the 
same  determinations  to  work  out  accurately  the  heat  of  combustion 
of  the  substance  used,  and  also  to  determine  the  correction  for  impu- 
rities in  the  oxygen,  if  any  such  were  present. 

DISPLACEMENT  OP   WATER. 

When  the  bomb  and  stirrer  are  in  position  in  the  water  cylinder, 
there  is  a  space  above  the  bomb  and  one  near  the  bottom  where  part 
of  the  water  can  be  displaced,  and  thereby  the  water  equivalent  of  the 
system  reduced.     The  displacement  of  water  was  effected  by  two 
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double-walled  metal  rings.  The  one  to  fit  above  the  bomb  was  made 
of  sheet  lead  heavy  enough  to  rest  securely  by  its  own  weight.  The 
one  for  near  the  bottom  of  the  bomb  was  made  of  sheet  zinc  and  was 
held  in  position  by  the  bomb  itself,  hence  it  could  be  lighter  than  the 
water  displaced.  These  rings  were  so  made  that  they  did  not  touch 
the  sides  of  the  water  cylinder  or  in  any  way  interfere  with  the  oper- 
ation of  the  stirrer  or  the  thorough  mixing  of  the  water.  The  upper 
and  heavier  ring  contained  553.5  grams  of  lead  and  solder  and  25.8 
grams  of  zinc,  and  had  a  displacement  of  306  grams  of  water.  The 
lower  ring  contained  86  grams  of  zinc  and  20.9  grams  of  solder  and 
had  a  displacement  of  162  grams  of  water. 

The  computed  water  equivalent  of  the  metal  rings  was: 

Lead  ( -f  solder)  574.4  gramsXO.OSlS  sp.  heat  « =18.09 

Zinc  111.8  gram8X0.0956  sp.  heat  <» =10. 68 

Total 28. 77 

During  a  heat  of  combustion  determination  the  bomb  is  immersed 
in  2,000  grams  of  water,  which  covers  the  highest  point  of  the  bomb 
to  a  certain  depth.  When  the  metal  rings  were  used,  a  quantity  of 
1,532  grams  of  water  brought  the  water  level  to  this  same  height. 
To  these  1,532  grams  of  water  must  be  added  the  28.8  grams  water 
equivalent  of  the  metal.  Thus  we  have  a  difference  of  2,000  grams 
-  1 ,560.8  =  439.2  grams  of  HjO,  or  439.2  X  0.99745  =  438. 1 ,  in  the  water 
equivalent  of  the  calorimeter  at  22.12*^  C,  the  temperature  at  which 
the  determinations  of  water  value  were  made,  without  changing  any 
of  the  other  conditions.  If,  now,  exactly  equal  weights  of  a  sub- 
stance and  fuse  wire  are  burned,  that  is,  if  the  same  amount  of  heat 
is  generated  in  the  bomb  while  it  is  immersed  in  the  two  different 
quantities  of  water,  there  will  be  a  difference  in  the  rise  of  temperature, 
and  we  have  the  necessary  factors  for  the  computation  of  the  water 
value. 

It  is,  however,  a  tedious  and  difficult  manipulation  to  press  and 
weigh  out  to  the  accuracy  of  0.0001  gram  a  charge  of  dry,  and  per- 
haps hygroscopic  material,  and  it  is  much  more  convenient  and  just 
as  accurate  to  weigh  out  approximately  equal  quantities  of  the  sub- 
stance for  each  charge,  and  then,  by  one  or  the  other  of  the  two 
methods  of  calculation  to  be  described,  to  compute  the  water  equiva- 
lent of  the  apparatus. 

In  the  following  table  (Table  7)  are  shown  the  results  of  a  number 
of  combustions  of  about  equal  charges  of  benzoic  acid  inade  under 
the  two  conditions,  representing  a  difference  of  439.2  grams  of  water, 
equal  to  438.1  grams  water  equivalent  of  the  system  at  22°  C. 

o  Beilage  zum  Chemiker  Kalendcr,  1904. 
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Table  7. — Rise  in  temperature  due  to  hurnina  like  quantities  of  benzoic  acid  in  the  bomb, 
VfOk  20  atmospheres  oxygen  pressure^  but  with  varytna  amounts  of  water  in  the  apparatus^ 
there  being  a  difference  of4S9.2  grams  of  water  eqvM  to  4S8.1  water  equivalent. 


Water  used. 

Benzoic 

acid 
burned. 

Fuse  wire. 

UNOi 
formed. 

Oaiorie*. 
7.10 
7.20 
6.90 
6.95 
6.06 
6.96 

Rise  in 
tempera- 
ture (not 
corrected 
for  evapo- 
ration or 
impurities 
in  oxygen). 

Rise  in 
tempera- 
ture due  to 
wire  and 
HNOs. 

Rise  due 

to  benzoic 

acid. 

Rise  due 

tol 
gram  of 
bensoic 

acid. 

Granw. 

2,000 

2,000 

2,000 

2,000 

2,000 

2,000 

Oram. 

a  7157 
.7341 
.7034 
.7162 
.7110 
.7045 

OOories. 
26.24 
22.88 
26.24 
23.04 
26.56 
23.68 

1.8837 
1.9293 
1.8476 
1.8826 
1.8726 
1.8510 

•  (*^ 

0.01378 
.01244 
.01370 
.01240 
.01386 
.01266 

•  C. 
1.80902 
1.91686 
1.83390 
1.87020 
1.85874 
1.83834 

•    0    Q^ 

2.61272 
2.61117 
2.60719 
2.61128 
2.61426 
2.60943 

Average. 

2. 61101 

1 

1,560.8 

1,560.8 

1,560.8 

1,560.8 

A  verase . 

.7122 
.6990 
.7031 
.7028 

26.24 
26.24 
26.24 
26.24 

8.25 
7.16 
7.40 
7.85 

2.2937 
2.2467 
2.2606 
2.2524 

.01741 
.01686 
.01696 
.01721 

2.27629 
2.22984 
2.24362 
2.23519 

3. 19614 
3.19004 
3. 19104 
3.18041 

3.18941 

1 
1 

Difference  in  rise  of  temperature,  0.57840*  C. 
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Two  methods  can  be  employed  to  compute  the  water  equivalent  of 
the  apparatus  from  the  above  determinations. 

One  method  is  to  make  use  of  the  approximate  heat  of  combustion 
value  of  benzoic  acid,  compute  the  total  heat  generated  by  each 
charge,  the  fuse  wire,  and  the  nitric  acid,  and  from  the  average  differ- 
ence in  rise  of  temperature  due  to  a  given  difference  in  the  water 
equivalent  of  the  calorimeter  to  compute  the  water  equivalent  of  the 
apparatus.  The  approximate  heat  of  combustion  value  of  the  sub- 
stance burned  is  computed  from  the  combustions  made  under  normal 
conditions,  using  the  computed  water  value  for  the  calorimeter,  i.  e., 
2,418.74  grams.  The  approximate  heat  of  combustion  of  benzoic 
acid  computed  in  this  way  would  be  6,315.3  calories  per  gram. 

The  second  method  consists  in  finding  the  value  of  the  number  of 
calories  represented  by  the  fuse  wire  and  the  nitric  acid  of  each  charge 
in  terms  of  degrees  rise  in  temperature,  subtracting  this  from  the 
observed  rise  in  temperature,  and  then  expressing  the  rise  in  tem- 
perature as  per  gram  substance  burned.  The  water  equivalent  of 
the  apparatus  is  calculated  from  the  average  difference  in  the  rise 
of  temperature  per  gram  and  the  difference  between  the  two  water 
equivalents.  This  method  of  computing  is  perhaps  preferable  to  the 
former,  and  since  the  corrections  for  the  wire  and  the  nitric  acid  are 
small  at  best,  it  may  be  more  correct  in  case  there  should  be  much  vari- 
ation in  the  size  of  the  charges  used  for  combustion.  In  Table  7  the 
rise  per  1  gram  of  the  substance  has  been  obtained  according  to  this 
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method.  To  find  the  rise  of  temperature  of  the  calorimeter  due  to 
the  burning  of  the  wire  and  formation  of  HNO3,  we  use  the  calcu- 
lated water  equivalent  of  the  apparatus,  viz,  2,418.74  grams  and 
1,980.64  grams,  respectively.  Taking  as  an  example  the  first  deter- 
mination in  Table  7,  we  have: 

2,418.74  :  (26.24  +  7.10)  :  :  1  :X 

X  =  0.01378°C. 

From  Table  7  we  learn  that  1  gram  of  the  substance  (in  this  case 
benzoic  acid)  burned  under  the  normal  conditions  caused  a  rise  in  tem- 
perature equal  to  2.61101°  C.  and  burned  when  the  water  equiva- 
lent was  reduced  by  438.1  grams,  caused  a  rise  in  temperature  of 
3.18941°  C,  the  difference  being  0.57840°  C. 

Letting  X  =  water  equivalent  of  the  bomb  calorimeter,  we  have 

2.61101  X  =  3.18941  (X -438.1  grams) 

X  =  2,415.77  grams. 

Computed  according  to  the  first  method,  the  water  value  of  the 
bomb  calorimeter  would  be  2,415.74  grams,  which  is  practically 
identical  with  the  foregoing,  and  2,415.77  is  considered  as  being  the 
correct  water  equivalent  of  this  calorimeter  and  will  be  used  in  all 
computations.  It  is,  of  course,  the  water  value  at  22.12°  C,  corre- 
sponding to  a  specific  heat  of  water  of  0.99745  (compare  p.  20), 
expressed  in  terms  of  mean  calories,  i.  e.,  of  water  at  specific  heat  1.0. 
It  will  be  seen  that  tliis  agrees  very  closely  with  the  value  computed 
from  the  weights  and  specific  heats  of  the  materials  of  the  calorimeter; 
hence  the  latter  value  used  in  computing  the  rise  of  temperature  due 
to  the  combustion  of  the  fuse  wire  and  of  nitrogen  can  have  intro- 
duced no  appreciable  error. 

COKBJBCTION  FOB  COMBUSTIBLE   GASES  IN  THE  0XY6BN. 

Having  the  water  value  of  the  apparatus  established,  the  next  step 
is  to  test  the  oxygen  supply  for  impurities  in  the  form  of  combustible 
gases,  etc.  This  is  very  important,  for  there  is  in  this  country  at 
the  present  time,  at  least*  so  far  as  the  writer  knows,  no  perfectly 
pure  oxygen  put  up  under  high  pressure  for  bomb-calorimeter  use, 
and  hence  a  correction  must  be  worked  out  for  the  oxygen  used, 
when  accurate  work  is  required.  The  problem  may  be  established 
by  two  different  methods: 

First,  by  noting  the  influence  of  varying  pressure  of  oxygen  upon 
the  combustibility  of  the  gases  when  the  same  amount  of  heat  is 
generated  in  the  bomb  during  the  several  combustions. 

Secondly,  by  noting  the  effect  of  varying  charges,  that  is,  the 
varying  amounts  of  heat  evolved,  upon  the  combustion  of  the  differ- 
ent gases,  the  oxygen  pressure  in  the  bomb  being  the  same. 
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Analyzed  by  the  copper  oxid  combustion  method,  the  writer's  asso- 
ciate, Mr.  Braman,  found  the  oxygen  at  hand  to  contain  0.0161  per 
cent  of  carbon  and  0.0194  per  cent  of  hydrogen  by  weight,  and  the 
question  is:  Does  a  part,  or  all,  of  these  gaseous  impurities  bum  dur- 
ing an  energy  determination,  and,  if  burned,  what  will  be  the  rise  in 
temperature  caused  by  the  burning  ? 

This  bomb  charged  with  20  atmospheres  of  oxygen  would,  according 
to  the  above  analyses,  contain  0.001648  gram  of  carbon  and  0.001986 
gram  of  hydrogen.  The  ratio  of  carbon  to  hydrogen  is  such  that  they 
can  not  form  any  one  gas,  for  even  should  all  the  carbon  be  present 
as  methan,  there  would  still  be  0.00144  gram  of  free  hydrogen,  which 
alone  represents  about  50  calories. 

It  was  decided  to  burn  as  large  a  charge  of  benzoic  acid  as  would 
possibly  burn  completely  in  10  atmospheres  of  oxygen,  and  then  burn 
the  same  amount  in  20  atmospheres;  also  to  burn  about  half  the 
quantity  of  the  substance  in  oxygen  of  the  pressures  just  mentioned. 
The  final  results  of  these  tests  we  desire  to  express  in  terms  of  the 
quantity  of  heat  generated  in  the  bomb  and  its  effect  upon  the 
impurities  in  the  oxygen  instead  of  in  terms  of  any  particular  sub- 
stance. But  for  our  immediate  purpose,  we  can  express  the  rise  in 
temperature  in  terms  of  the  amount  of  charge  used,  and  hence  in  the 
computation  of  the  results  we  can  make  use  of  the  newly  found  water 
equivalent  and  follow  the  same  method  employed  in  finding  the  rise 
in  temperature  per  gram  of  substance  in  Table  7. 

Tables  8  and  9  contain  the  results  of  two  series  of  combustions  of 
like  charges  of  benzoic  acid  burned  in  different  amounts  of  oxygen 
and  the  rise  in  temperature  due  to  the  impurities  in  the  oxygen.  In 
the  first  series  of  combustions  the  charges  were  twice  the  size  of  those 
in  the  second  series.  The  carbon  present  in  the  form  of  CO,  in  the 
bomb  after  a  combustion  was  determined  in  some  instances  in  the 
case  of  the  large  charges  of  benzoic  acid,  and  the  average  of  three 
determinations  where  20  atmospheres  of  oxygen  were  used  was  68.801 
per  cent  of  carbon,  the  theoretical  being  68.83  per  cent  of  carbon. 
The  three  determinations  with  the  smaller  amount  of  oxygen  gave  an 
average  of  68.713  per  cent  of  carbon,  a  difference  of  about  0.09  per 
cent.  This  is  an  indication  that  the  charges  were  a  little  too  large, 
so  that  with  10  atmospheres  of  oxygen  the  combustions  can  not  be 
relied  upon  as  being  complete.  Assuming  that  this  small  difference 
in  carbon  represents  the  actual  difference  between  complete  and 
incomplete  combustion  of  the  benzoic  acid,  which  can  not  be  far 
wrong,  we  have  a  correction  which  can  be  applied  to  the  rise  in 
temperature  obtained  with  10  atmospheres  of  oxygen. 
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Table  8. — Rise  in  temperature  caused  by  burning  like  quaniiiiea  of  benzoic  add  in  vary- 
ing amounts  of  oxygen.    Results  corrected  for  O.OS:i  gram  water  evaporation. 


Oxygen 
pressure. 

Benzoic 

acid 
burned. 

Fuse  wire. 

HNOi 
formed. 

Rise  in 

tempera- 
ture.* 

Rise  in 
tempera- 
ture aue  to 
wire  and 

HNOa. 

Rise  in 
tempera- 
ture due  to 
benzoic 
acid. 

Rise  due  to 

0.7142  gram 

benzoic 

add. 

AtmoBphem. 
20 

Oram. 
0.7157 
.7341 
.7034 
.7162 
.7110 
.7045 

Oaiorkt. 
26.24 
22.88 
26.24 
23.04 
26.56 
23.68 

Calories. 
7.10 
7.20 
6.90 
&95 
6.95 
6.95 

•£?. 

1.8915 
1.9371 
1.8554 
1.8904 
1.8804 
1.85K8 

*C. 
a  01380 
.01246 
.01372 
.01242 
.01388 
.01268 

*  C. 

1.87770 
1.92464 
1.84168 
1.87798 
1.86652 
1.84612 

1.87*377 
1.87247 
1.86996 
1.87274 
1.87492 
1.87154 

20 

20 

20 

20 

20 

Averaee. 

t 

' 

1 

1.87257 

1 

10 

.7108 
.7134 

27.04 
7R'M^ 

1. 73             1. 8708 
1.73            1.8752 
1.7»    1        \.W,\h 

.01191 
.01039 
.00946 

1.85889    1       1.86778 

10 

1.86481    '      1.86690 

10 

.7112    !          2i.  12 

\  f&'XiX           1.W»(tf»     ! 

1 

Average. 

i                                             1 

1  86484 

1 

J 

1                           i 

a  Corrected  for  evaporation  and  for  difference  in  water  value  of  calorimeter  due  to  differences  in  amount 
of  oxygen  used. 

0. 7142  gram  benzoic  acid  In  20  atmospheres  Oi 1. 87257  ^C.  rise. 

.7142  gram  benzoic  add  in  10  atmospheres  Oi 1.86484  *€.  rise. 

.09  per  cent  incomplete  combustion  in  10  atmospheres  Ot 00168  *C.  rise. 

Difference  due  to  10  atmospheres  oxygen 00605  'C. 

Table  9. — Rise  in  temperature  caused  by  burning  like  quantities  of  benzoic  acid  in  vary- 
ing amounts  of  oxygen.    Results  corrected  for  0.0S2  gram  water  evaporation. 


Oxygen 
pressure. 

Bensoic 

add 
burned. 

Fuse  wire. 

HNOa 
formed. 

Rise  in 
tempera- 
ture cor- 
rected for 
evapora- 
tion and 
variation 
in  bomb 
water 
value. 

Rise  in 
tempera- 
ture due  to 
wire  and 

HNOi. 

•c. 

0.01088 
.01028 

Rise  in 
tempera- 
ture due  to 
benzoic 
add. 

Rise  due  to 

0.3566  gram 

benzoic 

add. 

AtmwphereB. 
20 

Gram. 
0.3648 
.3579 

Oalorieg. 
22.88 
21.44 

Cblories. 
3.40 
3.40 

0.9696 
.9508 

*C. 
0.95872 
.94052 

*  C 
0.93717 
0.93710 

20 

Averaee. 

.93714 

10 

.3595 
.6301 

.3585 

23.04 
22.88 
25.76 
26.24 

L03 
L03 
1.03 
1.03 

.95245 
.952L5 
.95315 
.92385 

.01000 
.00990 
.01109 
.01129 

.  94245 
.94225 
.94206 
.91256 

.93484 
.93309 
.98707 
.93404 

10 

10 

10 

Average. 

.93476 

0. 3566  gram  benzoic  add  in  20  atmospheres  Oa 0. 93714  *C.  rise. 

.  3566  gram  benzoic  acid  in  10  atmospheres  Oa 93476  *C.  rise. 

Difference  due  to  10  atmospheres  Oa 00238  'C. 

Difference  due  to  15  atmospheres  Oa 00357  'C. 

The  smaller  charges  (Table  9)  were  completely  burned  in  10  atmos- 
pheres of  oxygen,  wliich  was  proved  by  the  carbon  dioxid  determina- 
tion after  the  combustion  giving  68.838  per  cent  of  carbon.  From  the 
above  tables  we  learn  that  there  was  a  greater  rise  in  temperature 
when  the  combustion  took  place  in  ox3"gen  at  high  pressure  than 
when  less  oxygen  was  present.     In  the  case  of  the  smaller  charges. 
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that  is^  less  heat  evolution;  the  difference  in  rise  of  temperature  was 
less  for  each  atmosphere  difference  in  pressure  than  in  the  case  of 
the  greater  heat.  It  is  difficult  to  remove  the  last  traces  of  a  com- 
bustible gas  from  a  gas  mixture  by  combustion  or  electric  sparks,  and 
we  can  not  expect  that  all  combustible  gase^  present  in  the  oxygen 
would  be  burned  in  the  bomb  by  a  single  combustion  of  any  kind 
of  substance.  Further,  it  is  to  be  expected  that  conditions  may  be 
reached  relative  to  dilution  of  gases,  rate  of  combustion  of  the  sub- 
stance, and  heat  evolution  when  the  dilute  gases  escape  combustion 
altogether.  In  the  case  of  the  0.7142  gram  of  benzoic  acid  burned  in 
10  atmospheres  oxygen  pressure,  the  combustion  of  the  substance  was, 
as  stated,  not  quite  complete,  that  is,  vapors  or  combustible  gases 
from  the  burning  material  itself  had  begun  to  be  left  unbumed. 
Hence  the  point  when  the  combustible  gases  present  in  the  oxygen 
supply  will  practically  cease  to  be  affected  can  not  be  far  either  way 
from  10  atmospheres  oxygen  pressure,  with  the  larger  charge  of 
benzoic  acid. 

In  order  to  compare  the  effect  of  the  0.3566-gram  charges  upon  the 
combustible  gases  with  that  of  the  larger  ones,  the  resulting  rises 
in  temperature  are  computed  to  the  same  basis  and  are  given  in 
Table  10. 

Table  10. — Comparison  of  average  results  obtained  by  burning  unlike  quantities  of 

benzoic  acid  in  like  amounts  of  oxygen. 


Oxygen. 

Bencofc 

acid 
charges. 

Average  rise 
in  tempera- 
ture. 

Rise  com- 
puted   on 
basis  of  0.7142 
gram  cliarge. 

Atmos- 

pheret, 
20 
20 

Dlflerenoe.. 

Oram. 

0.7142 
.3566 

1.87267 
.93714 

1.87257 
1. 87691 

+  .00434 

10 
10 

.7142 
.3566 

1.8(>4H4 
.93476 

1.86(i52 
1. 87214 

Dlflerenoe. . 

+  .00502 

Here  we  notice,  first,  that  the  smaller:  charges  show  a  relatively 
larger  rise  in  temperature  both  at  10  and  at  20  atmospheres;  further- 
more, the  small  charges,  which  burned  completely  at  10  atmospheres 
oxygen  pressure,  show  a  greater  increase  over  the  large  charges  at 
10  atmospheres  than  over  the  same  when  burned  at  20  atmospheres 
oxygen  pressure.  This  is  an  indication  that  the  limit  for  combustion 
of  the  gases  in  the  oxygen  has  not  been  reached  at  10  atmospheres 
with  a  small  chaise.  With  0.3566  gram  charge,  therefore,  we  can 
well  assume  that  at  5  atmospheres  oxygen  pressure  the  conditions 
for  burning  correspond  to  those  at  10  atmospheres  with  0.7142  gram 
charge,  i.  e.,  twice  the  amount,  and  that,  therefore,  at  5  atmospheres 
oxygen  the  effect  upon  the  combustible  gases  would  have  ceased. 
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Hence,  the  difference  in  rise  of  temperature  due  to  combustible  gases 
present  in  the  oxygen  supply  when  0.7142  gram  benzoic  acid  is  burned 
in  the  bomb  at  20  atmospheres  can  be  represented  by  0.0060®  C.  as 
found  in  Table  8,  and  for  0.3566  gram  charge  at  20  atmospheres 
oxygen  0.0036®  C.  (Table  9) ;  for  other  amounts  of  benzoic  acid  burned 
the  error  due  to  combustible  gases  is  found  by  interpolation. 

NATURE   OF   COMBUSTIBLE   OASES. 

As  to  the  nature  of  the  gas  or  gases  which  cause  the  rise  in  tem- 
perature, we  know  from  the  COj  determinations  that  none  of  the 
carbon  in  the  oxygen  was  oxidized,  and  there  remains,  therefore,  only 
the  free  hydrogen,  even  a  portion  of  which  is  sufficient  to  cause  the 
observed  rise. 

THE  HEAT  OF  COMBUSTION  OF  BENZOIC  ACID. 

We  now  have  the  correct  water  equivalent  of  the  calorimeter,  a 
correction  for  the  impurities  in  the  oxygen,  and  also  the  evaporation 
correction,  and  can  proceed  to  the  computation  of  the  heat  of  com- 
bustion of  benzoic  acid. 

In  all  the  determinations  the  Regnault-Pf aundler  formula,  referred 
to  earlier  in  connection  with  the  water  value  determination  by  means 
of  electricity,  has  been  used  for  working  out  the  radiation  correction; 
that  is,  the  correction  for  the  influence  of  the  surrounding  air  upon 
the  readings.  The  computation  of  one  of  the  determinations  is 
given  below  in  detail  as  an  example,  and  following  that  will  be  found 
tabulated  the  results  of  various  determinations  representing  a  wide 
range  of  conditions,  both  in  regard  to  quantity  of  substance  burned 
and  oxygen  used.  It  is  a  satisfactory  check  upon  the  accuracy  of 
the  bomb  work  when  very  different  amounts  of  material  are  burned 
and  concordant  results  are  obtained. 

Example  of  a  determination  of  heat  comhustioji. 

Substance,  benzoic  acid,  Kahlbaum's. 

Charge,  0.7157  gram. 

Iron  fuse  wire  completely  burned,  0.0164  gram =26.24  calories. 

Oxygen  pressure,  20  atmospheres. 

Room  temperature,  23°  C. 

Water  temperature  before  ignition,  21.26°  0. 

HNO3  formed  and  titrated =7. 10  calories. 

Ignition  of  charge,  instantaneous. 

Combustion  of  substance,  complete. 

Carbon  dioxid  found  after  combu8tion=68.801  per  cent  carbon. 

Thermometer  readings,  preliminary 1.438;  1.440;  1.442;  1.444;  1.445. 

Thermometer  readings,  corrected 1.4468;  1.4538. 

Combustion  period  readings 1.445;  2.920;  3.292;  3.316;  3.317. 

Combustion  period  readings,  corrected..  1.4538;  2.9343;  3.3058;  3.3297;  3.3307. 

Thermometer  readings,  end  period 3.317;  3.313;  3.311;  3.309;  3.308. 

Thermometer  readings,  end  period,  corrected  ..  3.3307;  3.3208. 
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r=0.0018^  C. 
t=1.4503°  C. 

r= -0.0026°  C. 

«=     3.3258**  C. 

Thermometer  lag= -0.0005**  C. 

^  3^3L^^-^^45ol^^ 

J J£= +0.0073**  C. 

•  C. 

Last  reading  of  combuBtion  period +3. 3307 

First  reading  of  combustion  period —1. 4538 

Radiation  correction +  .  0073 

Correction  for  thermometer  lag —  .  0005 

Correction  for  impurities  in  oxygen —  .  0060 

Evaporation  of  water  during  4  minutes +  .  0078 

Corrected  rise  in  temperature 1. 8855 

Calories. 
Water  value  of  bomb  system  with  20  atmoepheree  oxygen 

(2415.8)  X1.8855°C 4,554.99 

Correction  for  fuse  wire —26. 24 

Correction  for  HNO3 -  7.10 

4,  521.  65 
4521. 65-M).7157 =6317. 80  calories  per  gram  benzoic  acid. 

.  In  like  manner  all  the  results  found  in  the  following  table  are  worked 
out: 

Table  11. — Heat  generated  when  different  quantities  of  benzoic  acid  are  burned  in  varying 
amounts  of  oxygen^  and  the  heat  of  combustion  per  gram  of  benzoic  acid. 


Oxygen 
pressure. 

Benzoic 

acid, 
burned. 

Fuse 
wire. 

Calories. 
23.36, 
2C.24 
22.88 
26.24 
23.04 
26.56 
23.68 
26.24 
22.88 
21.44 
23.04 
22.88 
25.76 
26.24 

HNOs 
forined. 

Observed 

rise  in 
tempera- 
ture. 

•  a 

1.8635 

1.8760 

1.9288 

1.8406 

1.8804 

1.8653 

1.8435 

1.8448 

.9591 

.9411 

.9431 

.9427 

.9390 

.  VU9.5 

Corrected 
rise  in 

tempera- 
ture. 

Total  heat 

generated 

in  the 

bomb. 

Heat  per 
gram  ben- 
zoic acid. 

Tempera- 
ture of 
water  be- 
fore igni- 
tion. 

Atmoa- 
pheres. 
25 
20 
20 
20 
20 
20 
20 
15 
20 
20 
10 
10 
10 
10 

Averaee. , . 

Oram. 
0.708R 
.7157 
.7341 
.7034 
.7162 
.7110 
.7045 
.7160 
.3648 
.3679 
.3505 
.3601 
.3585 
.3484 

Calories. 
8.25 
7.10 
7.20 
6.90 
6.95 
6.95 
6.95 
4.40 
3.40 
3.40 
1.03 
1.03 
1.03 
1.03 

1.8655 
1.8855 
1.9311 
1.8494 
1.8844 
1.8744 
1.8528 
1.86735 
.9660 
.9472 
.95125 
.95095 
.95195 
.922a5 

Calories. 

4,506.75 
4,554.99 
4,665.15 
4,467.79 
4,552.34 
4,528.18 
4,476.00 
4,511.15 
2,333.67 
2,288.25 
2,298,03 
2,297.31 
2,299.73 
2. 228. 95 

Calories. 
6,313.68 
6,317.67 
6,313.96 
6,304.73 
6,314.37 
6,321.62 
6,309.97 
6,310.58 
6,325.07 
6,324.13 
6,325.33 
6.313.24 
6,340.13 
6,319.38 

"  C. 
21.3 
21.3 
20.8 
20.7 
21.4 
20.9 
21.3 
20.4 
20.4 
20.3 
19.8 
19.9 
20.5 
20.7 

_    .       -  _       _  1   _     . . 

6,318.12 

20.7 

1 

In  the  above  table  representing  fourteen  determinations  made 
under  such  varied  conditions  the  results  agree  very  well;  for  if  we 
leave  out  the  two  extreme  results  the  greatest  difference  from  the  aver- 
age in  the  remaining  twelve  determinations  is  but  8.15  calories.  Com- 
puted by  the  usual  formula,  the  probable  error  of  the  mean  of  the 
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fourteen  determinations  is  ±1.51  calories  and  the  probable  error  of 
a  single  determination  ±5.69  calories. 

SULPHUR,  PHOSPHORUS,  AND   CHLORIN. 

The  writer  sometime  ago^  called  attention  to  the  fact  that  the 
acid  found  in  the  bomb  after  a  combustion  is  not  always  HNO,  alone, 
and  that  it  is  especially  the  S  in  organic  combination,  which  goes  over 
into  gaseous  SO3  and  eventually  into  H2SO4,  that  needs  to  be  con- 
sidered. Hence  the  sulphuric,  phosphoric,  and  hydrochloric  acids 
are  determined  when  found  in  sufficient  quantities,  and  the  total 
acidity  found  by  titration  is  correspondingly  corrected  in  computing 
the  heat  arising  from  the  oxidation  of  free  nitrogen.  Determinations 
of  sulphur  and  phosphorus  have  been  successfully  carried  on  in  feeds, 
feces,  and  urines  by  the  bomb  method  during  these  last  three  years 
in  this  laboratory.  In  the  two  samples  of  benzoic  acid  which  were 
used  in  the  above  determinations,  one,  Kahlbaum's  best,  gave  no 
test  for  CI.  and  only  a  light  trace  of  SO,.  The  other  sample,  *' Merck," 
gave  but  a  small  trace  of  SO,  and  a  distinct  trace  of  CI.,  but  in  no 
case  enough  to  be  determined  for  the  sake  of  correction. 

CORRECTION   FOR  THE   SPECIFIC   HEAT   OF   WATER. 

Since  the  specific  heat  of  water  differs  at  different  temperatures, 
the  water  equivalent  of  the  calorimeter  will  also  vary  with  the  tem- 
perature. In  the  above  case  the  water  equivalent  was  determined 
with  an  average  of  21.08®  C.  water  temperature  before  the  combus- 
tions and  an  average  of  23.15®  after  the  combustions.  The  mean 
specific  heat  between  these  temperatures  is  0.99745.  The  mean 
specific  heat  between  the  average  temperatures  before  and  after 
combustions  in  the  fourteen  determinations  of  Table  11  is  0.99752. 

The  true  average  heat  of  combustion,  therefore,  is 

6,318.12  X^^y||  =  6,318.56  calories.* 

CHANOE  IN  THE  BOMB  CONTENTS. 

There  are  at  least  two  other  conditions  which  should  be  consid- 
ered, since  they  may  to  some  small  degree  influence  the  heat  of  com- 
bustion as  computed  from  the  determinations  already  described  and 
recorded  in  Table  11. 

One  is  a  possible  change  in  the  water  value  of  the  calorimeter 
which  may  be  caused  by  the  combustion  of  the  substance  in  the 
bomb.     According  to  the  nature  of  the  substance,  the  contents  of 

a  U.  S.  Department  of  Agriculture,  Bureau  of  Animal  Industry  Bulletin  94,  p.  32. 

b  This  method  of  computation  assumes,  of  course,  that  the  specific  heats  of  the 
materials  of  the  calorimeter  itself  vary  with  the  temperature  at  the  same  rate  as  does 
that  of  water.  The  total  correction  is  so  small,  however,  that  any  error  thus  intro- 
duced must  be  insignificant. 
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the  bomb  will  change  more  or  less,  so  as  to  make  the  water  equiva- 
lent after  the  combustion  different  from  what  it  was  before. 

When  the  same  kind  of  material  is  burned  as  that  which  was  used 
for  the  determination  of  the  water  value  of  the  bomb,  the  changes 
need  not  be  considered  except  when  a  different  quantity  is  burned. 
Should  an  entirely  different  compound  be  burned,  even  if  in  a  quan- 
tity like  that  used  for  water  value  determinations,  the  condition 
existing  in  the  bomb  before  and  after  combustion  should  be  com- 
puted whenever  it  is  possible  to  do  so,  in  order  to  determine  whether 
enough  change  took  place  in  the  water  equivalent  of  the  bomb  to 
call  for  a  correction.     In  the  computations  we  use  the  following  values : 

Volume  of  gas  in  bomb  at  20  atmospheres,  measured  at  20®  C, 
730  mm.  pressure,**  is  8  liters. 

Grams. 

Weight  per  liter  Oj  at  20**,  730  mm 1. 2798 

Specific  heat  Oj,  constant  volume 157 

Specific  heat,  CO2,  constant  volume 149 

Specific  heat  benzoic  acid,  computed 30 

Specific  heat  Fe,04 167 

Specific  heat  Fez • 1114 

Specific  heat  HNO, 445 

Specific  heat  H3O 1, 0000 

The  average  of  10  charges  used  in  the  water  value  determinations 
equals  0.7102  gram  benzoic  acid,  and  considering  all  the  gas  as  oxygen 
we  have  in  the  bomb  before  the  combustion  the  following  water 
equivalent: 

Orams  HsO. 

Benzoic  acid,  0.7102  gramXO.30 0. 2131 

Oxygen,  8X1.2798X0.157 '. 1.6074 

Iron  wire,  0.0164X0.1114 0018 

Total 1. 8223 

After  the  combustion  there  are  in  the  bomb  the  following  substances: 

Grams. 

Carbon  dioxid,  0.7102X2.5246 1.  7930 

Water,  0.7102X0.4426 3143 

Fe,04,  0.0164X1.381 0227 

Oxygen,  10.2384-1.4309 8.  8075 

NjOj 0275 

This  is  equivalent  to  the  following  amounts  of  HjO : 

Grams  H|0. 

1.7930  grams  CO2XO.I49 0.2672 

.3143  gram  H2OX  1.000 3143 

.0227  gram  Fe8O^X0.167 0039 

.0321  gram  HNOjXO.445 -0.0046 0097 

8.8075  gramfl  O2XO.I57 1. 3828 

Total .' 1.9779 

Thus  with  benzoic  acid  there  is  a  change  of  only  about  0.16  gram 
water  equivalent  caused  by  the  combustion. 

a  Average  for  this  locality. 
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■ 

If  instead  of  benzoic  acid,  0.7  gram  of  ethyl  alcohol  were  burned, 
we  should  find  a  difference  of  about  0.39  gram  water  equivalent 
caused  by  the  combustion  and  about  0.44  gram  water  equivalent 
different  from  that  obtained  by  benzoic  acid.  The  average  charge 
in  the  fourteen  determinations  of  Table  11  equals  0.5609  gram,  and 
the  average  charge  used  in  standardizing  the  bomb  was  0.7102  gram, 
which  is  equivalent  to  a  difference  of  0.08  gram  in  the  water  value  of 
the  bomb,  or  a  correction  of  —0.20  calorie  per  gram  in  the  average 
result.  This  is  a  very  small  correction  and  usually  need  not  be 
considered  at  all. 

CHANGE  OF  PRESSURE  IN  THE  BOMB. 

The  second  condition  referred  to  above  is  the  change  in  pressure 
in  the  bomb  resulting  from  the  combustion.  By  the  heat  of  com- 
bustion of  a  substance  is  generally  understood  the  heat  at  constant 
pressure,  which  is  in  many  instances  slightly  different  from  that 
determined  by  the  bomb  calorimeter  at  constant  volume.  Since  it 
is  the  difference  between  the  conditions  before  and  after  the  combus- 
tion which  is  considered,  it  makes  no  difference  what  pressure  the 
gases  may  be  under  in  the  bomb  before  the  combustion.  If  the 
pressure  of  the  gases  before  and  after  the  combustion  remains  the 
same,  the  heat  of  combustion  at  constant  volume  and  constant  pres- 
sure is  the  same.  Leaving  out  of  account  the  small  changes  due  to 
the  oxidation  of  iron  and  the  formation  of  nitric  acid  in  the  bomb, 
this  is  theoretically  true  of  carbohydrates  where  COj  and  Oj  replace 
each  other  volume  for  volume.  With  other  substances  it  may  be 
different.  At  constant  pressure  compounds  containing  much  hydro- 
gen will  cause  a  decrease  in  volume  of  the  gases  and  hence  require  a 
plus  correction,  and  compounds  with  less  hydrogen  but  plenty  of  nitro- 
gen may  cause  an  increase  in  gas  volume,  and  consequently  there  will 
be  a  minus  correction  to  the  results  obtained  by  the  bomb. 

For  a  solid  or  liquid  substance  of  the  composition  CnHpOq  burned 
at  constant  volume  in  the  bomb  the  heat  at  constant  pressure  is 
expressed  by  the  following  formula :° 

CtP=  CtV+0,5m  Q^ 2  ^^-^ 01)02  O^^'^y 

where 

^  =  temperature. 

p  and  g  =  number  of  atoms  in  the  molecule. 
According  to  this  formula,  benzoic  acid,  C^HgOz,  at  constant  pres- 
sure will  be : 

«P=«F+0.5424X"  2 -  +  0-002X^^X22.8° 

which  expressed  in  calories  per  gram  equals: 

6,318.56  +  2.41  =6,320.97  per  gram  benzoic  acid. 


a  Beilage  zum  Chemiker-Kalender,  1904,  p.  144. 
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If  to  this  we  apply  the  correction  found  for  the  change  in  the  bomb 
content  because  of  unlike  charges,  —  0.20  calorie,  the  heat  of  combus- 
tion of  1  gram  benzoic  acid,  C^HeOj,  at  constant  pressure  will  be: 
6,320.77  ±1.51  mean  calories,  a  value  practically  identical  with  that 
found  by  Stohman,  viz,  6,322  calories. 

USE  OF  THE  BOMB  CALOBIHBTEB  UNDEB  DIFFEBENT  CON- 
DITIONS. 

Judging  from  these  investigations,  there  are  many  conditions 
which  may  mfluence  the  work  with  the  bomb  and  cause  the  results 
to  become  inaccurate,  and  the  question  is,  What  is  the  best  and  most 
convenient  way  to  operate  the  bomb  so  as  to  get  reliable  results 
under,  the  various  conditions?  Three  methods  in  regard  to  the 
determination  of  the  water  value  of  the  calorimeter  and  its  use  may 
be  employed  according  to  existing  laboratory  and  other  conditions: 

1.  The  apparent  water  value  may  be  directly  determined  by 
burning  a  given  weight  of  a  standard  substance,  note  being  taken 
of  all  the  conditions  existing  at  tlie  time  of  standardization  of  the 
bomb,  including  amount  of  substance  and  of  oxygen,  and  atmospheric 
conditions  influencing  evaporation.  If,  now,  the  substance  to  be 
analyzed  corresponds  in  quantity  to  the  calories  generated  at  the 
standardization,  and  if  the  other  conditions  are  the  same,  there  will 
be  no  corrections  to  apply  for  impurity  in  oxygen  or  for  evaporation 
of  water.  Whether  the  small  correction  for  constant  volume  and 
for  change  in  contents  of  the  bomb  need  to  be  applied  depends  upon 
the  degree  of  accuracy  to  which  the  operator  expects  to  work. 

2.  Should  it  be  required  to  bum  charges  giving  much  more  or  less 
heat  than  that  used  for  standardization,  with  the  oxygen  supply  and 
evaporation  condition  remaining  unchanged,  then  it  is  most  con- 
venient to  have  the  water  value  of  the  bomb  determined  with  the 
smaller  or  larger  charges  also,  and  thus  avoid  the  use  of  corrections. 

3.  When,  however,  the  heat  determinations  must  be  made  under 
varying  temperature  conditions,  with  different  amounts  of  substance 
and  various  oxygen  supplies,  then  all  the  corrections  due  to  variation 
from  the  conditions  at  which  the  bomb  was  standardized  must  be 
applied. 

The  different  water  values  for  the  bomb  calorimeter  used  in  this 
work  corresponding  to  the  above  three  methods  of  usage  would  be, 
including  2,000  grams  of  water: 

Method  1,  with  0.7142  gram  benzoic  acid  charge,  2,421  water 
value. 

Method  2,  with  0.3614  gram  benzoic  acid  charge,  2,425.4  water 
value. 

Method  3,  with  0.7102  gram  benzoic  acid  cliai^e,  2,415.7  water 
value. 

In  the  third  or  last  value,  the  corrections  due  to  evaporation  of 
water  and  specific  heat  of  water  have  been  applied. 
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CORRECTIONS   FOR   IMPURITIES   IN   OXYGEN. 

Having  now  the  specific  heat  of  combustion  of  benzoic  acid,  we 
can  find  from  Tables  8  and  9  the  correction  for  impurities  in  the 
oxygen  expressed  in  degrees  rise  of  temperature,  or  its  equivalent 
in  calories,  for  any  given  amount  of  heat  generated  in  the  bomb 
during  a  combustion.  All  substances  do  not  affect  the  combustible 
gases  alike,  but  for  this  purpose  we  may  assume  benzoic  acid  to  be  a 
representative  substance,  and  each  kind  of  material  need  not  be 
tested  separately.  The  average  of  six  charges  of  benzoic  acid  was 
0.7142  gram,  which,  multiplied  by  6,320.8  equals  4,514.3  calories. 
This  amount  of  heat  caused  a  rise  in  temperature  of  1.87257°  C.  with 
20  atmospheres  oxygen,. and  with  10  atmospheres  oxygen  a  rise  of 
1.86652°  C,  a  difference  of  0.00605°  C,  which  is  equal  to  14.62 
calories.  In  like  manner,  the  average  charge,  0.3566  grams  benzoic 
acid.  Table  9,  equals  2,254  calories  and  causes  a  total  difference  of 
0.00357°  C.  rise,  equivalent  to  8.59  calories. 

By  interpolation  we  have,  according  to  the  various  amounts  of  heat 
generated  in  20  atmospheres  oxygen  pressure,  the  corrections  for  the 
oxygen  shown  in  Table  12.  They  are  applicable,  of  course,  only  to  the 
particular  sample  of  oxygen  used  in  these  determinations,  and  unless  a 
uniform  quality  of  the  oxygen  in  this  respect  can  be  assured,  it  would 
be  necessary  to  redetermine  their  factors  for  each  cylinder  of  oxygen. 

Table  12. — Corrections  for  combustible  gases  in  oxygen. 


Correction  in  terms  of— 

Ileat  gene- 
ratod  in 

— 

bomb. 

1 

Rise  of  tem- 
perature. 

Calories. 

Calorica. 

"C. 

4,500 

0.00603 

14.55 

4,000 

0.00550 

13.22 

3,500 

0.00495 

11.89 

3,000 

0.00440 

10.57 

2,500 

0.003S5 

9.24 

2,250 

0.00357 

8.58 

2,000 

0.00330 

7.91 

BENZOIC  ACID  AS  A  STANDARD. 

From  his  experience  with  various  substances,  and  because  of  the 
value  obtained  for  benzoic  acid  as  described  in  this  paper,  the  author 
in  conclusion  urges  all  persons  using  the  bomb  calorimeter  for  scien- 
tific work  where  results  are  to  be  published,  for  the  sake  of  uniformity 
and  comparability  of  results,  to  adopt  benzoic  acid  as  the  one  single 
standard  against  which  to  standardize  the  bomb,  and  to  accept  6,322 
calories  per  gram  as  its  heat  of  combustion.  This  is  the  value  accred- 
ited to  Stohhmann,  and  this  value  ought  to  remain  the  standard  until 
it  has  been  definitely  proved  to  be  erroneous  and  a  new  value  in  some 
way  officially  recognized  or  accepted. 
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LETTER    OF    TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 
Wdshingtonj  D,  C,  Jwne  16, 1910. 

Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
pubhcation  as  a  bulletin,  the  accompanying  manuscript  entitled 
'*The  Gid  Parasite  and  AlUed  Species  of  the  Cestode  Genus  MvJticeps. 
Part  1.  Historical  review,"  by  Maurice  C.  Hall,  of  the  Zoological 
Division  of  this  Bureau. 

Mr.  Hall  has  been  making  a  most  comprehensive  study  of  gid,  and 
his  investigations  will  furnish  an  important  contribution  to  our  knowl- 
edge of  this  deadly  disease  of  sheep,  which  has  only  in  recent  years 
been  recognized  as  established  in  the  United  States,  the  first  definite 
evidence  of  its  presence  as  an  enzootic  having  been  published  in  1905 
in  Bureau  of  Animal  Industry  Bulletin  66. 

It  is  intended  to  publish  later,  as  succeeding  parts  of  the  present 
bulletin,  the  results  of  Mr.  HalPs  investigations,  now  in  progress,  con- 
cerning the  morphology  and  life  histories  of  the  parasites  in  question, 
as  well  as  the  symptomatology,  treatment,  prophylaxis,  etc.,  of  gid. 

Respectfully, 

A.  D.  Melvin, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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THE  GID  PARASITE  AND  ALLIED    SPECIES  OF  THE 

CESTODE  GENUS  MULTICEPS. 


PART  I.  HISTORICAL  REVIEW. 


INTBODUOTION. 

Coenurus  is  the  name  commonly  applied  to  a  larval  cestode  group 
of  considerable  importance  to  helminthologists  from  a  historical  and 
scientific  standpoint,  for  it  was  with  one  of  its  species,  commonly 
referred  to  as  Coenurus  cerebroMs,  that  Steenstrup'9  theory  of  the 
alternation  of  generations  was  first  completely  demonstrated  for 
cestodes  by  Kuchenmeister,  who,  in  1853,  produced  the  adult  cestode 
or  tapeworm  in  the  primary  host  by  feeding  the  larval  form  to  the 
dog,  and  produced  the  larval  cestode  or  bladderworm  in  the  secondary 
host  by  feeding  the  eggs  of  the  adult  tapeworm  to  the  sheep.  This 
work  of  Ktlchenmeister's  and  that  of  Von  Siebold  along  the  same  line 
is  taken  by  Braun  (1894a),®  in  his  classic  work  on  cestodes,  as  marking 
the  beginning  of  the  fourth  and  latest  period  in  helminthology,  dating 
from  1851. 

This  same  species,  C.  cerebralisj  is  of  considerable  economic  interest 
to  veterinarians  and  stock  raisers,  and  especially  to  sheepmen,  as 
being  the  cause  of  the  disease  commonly  known  among  English- 
speaking  people  as  gid. 

In  spite  of  the  fact  that  the  disease  caused  by  this  parasite,  as  well 
as  something  of  its  nature,  was  probably  known  in  the  fourth  and 
fifth  centuries  B.  C,  and  that  the  parasite  itself  was  observed  at  least 
as  early  as  1634  A.  D.,  its  parasitic  nature  known  since  1780,  and  its 
life  history  known  for  over  half  a  century,  there  are  still  some  mistaken 
popular  ideas  about  it,  and  also  some  errors,  disagreements,  and  uncer- 
tainties in  the  writings  of  scientists  as  to  the  specific  identity  of  this 
and  various  other  forms  of  coenurus  that  have  been  described  from 
different  hosts,  and  also  as  to  the  correctness  with  which  certain  par- 

a  Bibliographic  citations  refer,  wherever  possible,  to  Stiles  and  Haasall's  (1902-19 — ) 
Index-Catalogue  of  Medical  and  Veterinary  Zoology,  Authors,  Bureau  of  Animal  Indus- 
try Bulletin  39,  United  States  Department  of  Agriculture.  References  not  in  Bul- 
letin 39  are  indicated  by  the  use  of  Greek  letters  and  will  be  covered  in  a  supplemental 

bibliography,  to  be  published  later. 
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asites  are  listed  from  certain  hosts.  The  writer  has  endeavored  to 
correct  some  of  these  errors  in  this  paper^  and  it  is  proposed  in  a  series 
of  papers  to  give  a  comprehensive  account  of  the  cestodes  having  a 
coenurus  larva. 

The  first  form  to  be  considered  is  the  brain  bladderworm  of  sheep, 
usually  known  as  Coenurus  cerehraliSf  but  which,  as  will  be  shown, 
should  be  known  by  the  name  MvUiceps  muiUiceps,  proposed  here  for 
the  first  time.  In  this  article  the  word  '*  coenurus  "  will  not  usually  be 
capitalized ;  it  will  be  used  merely  as  the  name  of  a  larval  stage,  like 
the  words  *^  cysticercus,"  "  cercaria,"  '*  leptocephalus,''  etc.  It  is  not 
entitled  to  be  used  as  a  generic  or  subgeneric  name,  owing  to  the  pri- 
ority of  MvXticepSf  but  as  it  is  still  much  more  commonly  used  in  this 
way  than  MvUiceps,  and  as  reference  must  be  constantly  made  to 
quotations  where  it  is  used  in  combination  with  some  specific  name, 
especially  in  the  form  Coenurus  cerehralis,  it  will  often  be  clearer  to 
use  this  form  instead  of  the  correct  one. 

ICUIiTICEPS  MULTICBPS. 
HISTORICAL   SKETCH. 

Braun  (1894a)  makes  his  first  period  in  helminthology  cover  the 
work  of  antiquity  and  the  middle  ages  up  to  1600,  and  in  the  litera- 
ture of  this  period,  relatively  barren  from  a  scientific  standpoint, 
almost  no  references  are  to  be  found  that  can  be  construed  as  refer- 
ring to  gid.  However,  a  disease  like  gid,  involving,  as  it  does,  a  deli- 
cate arrangement  of  alternating  hosts,  must  have  existed  long  before 
primitive  man  passed  from  the  hunting  to  the  pastoral  stage.  It  is 
not  the  sort  of  disease  to  arise  by  rapid  facultative  adjustment 
or  out-of-hand  adaptation.  The  very  fact  that  gid  exists  to-day  is 
proof  enough  in  a  disease  of  this  sort  that  it  existed  thousands  of 
years  ago.  Undoubtedly,  in  the  days  when  the  ancestral  dog  pur- 
sued the  wild  sheep,  the  nice  adaptation  of  a  brain  parasite  that  would 
interfere  with  muscular  activity  and  blunt  the  sense  perceptions, 
making  flight  and  escape  difficult,  must  have  furnished  a  striking 
example  of  a  life  habit  well  calculated  to  perpetuate  a  parasite,  but  it 
could  scarcely  have  been  more  satisfactory  than  the  new  arrange- 
ment introduced  by  man  when  he  domesticated  the  sheep  and  put 
its  former  enemy,  the  dog,  in  charge  of  it  to  run  over  its  pastures 
as  a  constant  companion  and  to  eat  the  discardt?d  heads  and  diseased 
brains  of  giddy  sheep — an  enemy  still. 

A  prolonged  search  of  ancient  literature  would  no  doubt  show  some 
references  which  might  readily  be  taken  as  descriptions  of  gid.  The 
symptoms  are  so  striking  that  pastoral  peoples,  like  the  Arabs,  Jews, 
and  Greeks,  must  have  noted  and  described  them ;  but  finding  such 
references  involves  a  tedious  search  and  more  time  than  can  profitably 
be  spent  on  the  work. 
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One  such  reference  occurs  in  Kuhn's  edition  of  Hippocrates 
(1826a),  who  is  believed  to  have  lived  460  to  375  B.  C.  The  follow- 
ing is  quoted  from  Adams's  translation  of  Hippocrates  (1886ar), 
describing  excess  of  fluids  on  the  brain  in  epUepsy: 

This  you  may  ascertain  in  particular/from  beasts  of  the  flock  [i.e.,  sheep]  which  are 
seized  with  this  disease,  and  more  especially  goats,  for  they  are  most  frequently 
attacked  with  it.  If  you  will  cut  open  the  head  you  will  find  the  brain  humid,  fuU 
of  sweat,  and  having  a  bad  smell. 

It  is,  of  course;  impossible  to  make  a  positive  statement  of  fact  on 
anything  less  than  complete  and  accurate  observations.  Obviously 
there  was  no  one  in  the  time  of  Hippocrates  who  could  be  expected  to 
make  and  record  such  observations  in  a  case  of  gid,  and  existing 
editions  of  Hippocrates  are  open  to  the  suspicion  of  having  in  them 
observations  not  properly  referable  to  Hippocrates.  Hence  we  can 
not  say  certainly  that  Hippocrates  actually  saw  cases  of  gid,  but  on 
the  strength  of  the  reference  given,  agreeing  as  it  does  with  the 
certainty  that  gid  among  sheep  must  have  existed  for  ages,  it  is  fair 
to  state  that  Hippocrates  probably  saw  cases  of  gid  four  or  five 
centuries  before  the  Christian  era.  The  fact  that  the  brain  of  sheep 
was  found  full  of  fluid  points,  among  other  things,  to  hydrocephaly, 
which  may  follow  the  invasion  of  the  gid  parasite,  according  to 
Muller  (1877a),  or  to  the  gid  parasite  itself.  Gid  probably  was  not 
rare  in  those  days  when  sheep  were  everywhere  tended  by  dogs  and 
the  prophylaxis  of  the  disease  was  undreamed  of.  The  ''bad  smell" 
may  have  been  due  to  delay  in  post-mortem  examination,  to  hydro- 
cephalus purulentus  as  a  sequel  of  gid,  or  it  may  easily  have  been 
noted  in  the  coenurus  vesicle,  as  my  own  observations  show  that 
the  coenurus  fluid  serves  as  an  excellent  medium  for  decomposition 
bacteria,  the  odor  of  the  fluid  in  a  graduate  becoming  intolerable  in 
twenty-four  hours  at  ordinary  room  temperature.  Guetebruch 
(1766a),  according  to  Kiichenmeister  (1880a),  states  in  an  article 
on  gid  that  when  perforation  of  the  skull  occurs,  as  it  sometimes 
does  in  gid,  the  brain  decomposes  and  becomes  purulent,  the  brain 
and  bone  marrow  turning  to  water  and  becoming  putrid.  The  writer 
has  never  seen  such  a  case,  but  it  is  evident  that  if  the  perforation 
of  the  skull  were  followed  by  perforation  of  the  skin  as  well,  it 
would  afford  entrance  to  bacteria,  with  possibly  a  result  similar 
to  the  one  given.  Finally,  the  fact  that  these  post-mortem  findings 
are  given  for  sheep  suffering  from  'Hhe  sacred  disease,"  a  term 
covering  epilepsy  and  other  brain  disorders,  would  indicate  the 
possibility  of  gid,  as  the  symptoms  of  nervous  disturbances  are  very 
marked  in  this  disease.  Adams,  the  translator  of  Hippocrates  from 
whom  the  foregoing  quotation  is  taken,  and  himself  a  physician,  refers 
to  the  lines  quoted  as  follows : 

It  is  well  known  that  this  is  also  the  case  with  sheep,  and  that  they  are  subject  to 
the  disease  called  the  sturdy  [i.  e.,  gid],  which  is  indisputably  a  sort  of  epilepsy. 
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In  the  somewhat  limited  literature  on  helminthology  for  the 
period  from  1600  to  1800,  Braun^s  (1894a)  second  period,  the  gid 
parasite  figures  to  a  proportionally  large  and  increasing  extent.  The 
citations  from  this  period  are  given  rather  fully,  as  they  are  in  works 
which  are  not  readUy  available  to  many. 

In  the  first  part  of  the  nineteenth  century,  Braun's  (1894a)  third 
period,  there  are  numerous  references  to  gid,  and  since  1850  and  the 
work  of  Kiichenmeister,  which  was  done  soon  after,  not  a  year 
has  passed  in  which  few  to  many  notes  on  the  brain  bladderworm, 
its  adult  tapeworm,  or  its  effects,  have  not  appeared.  This  increase 
in  the  amount  of  literature  is  perhaps  concomitant  with  an  increase  in 
number  and  distribution  of  sheep  and  cases  of  gid,  as  well  as  with 
increasing  knowledge  of  the  parasite.  In  general  the  large  amoimt  of 
literature  is  due  to  the  attractive  combination  of  scientific  and  eco- 
nomic interest  which  has  induced  many  persons  to  publish  notes  on 
the  disease  and  its  parasite  from  one  or  both  standpoints. 

The  early  notes  on  coenurus  deal  only  with  CcRnurus  cerehralis 
(=  Midticeps  mvlticeps)  and  especially  with  the  disease  caused  by  it. 
It  was  nearly  two  hundred  years  after  Scultetus  (1672a)  had  seen 
the  first  unmistakable  case  of  gid  that  I  have  found  recorded,  before 
the  first  ccenurus  which  we  may  regard  as  other  than  C,  cerehraiis 
was  noted  by  De  BlainvUle  (1828a).     Scultetus  saw  his  case  in  1634. 

The  first  available  note  published  during  Braun's  (1894a)  second 
period  of  helminthology  dealing  with  C.  cerehralis  is  that  of  Rolfinck 
(1656a)  who,  in  a  work  on  medical  anatomy,  writes  of  vesicles  full  of 
water  and  humor  in  the  third  ventricle  of  sheep  as  the  cause  of  a 
vertigo.  This  may  be  safely  accepted  as  a  reference  to  C,  cerehralis. 
The  description  is  in  general  terms  just  the  one  a  casual  observer 
would  give  of  this  parasite,  as  witness  the  statement  of  a  correspondent 
to  the  veterinary  editor  of  a  periodical  (Vet.  Ed.  Amer.  Shepherd's 
Bulletin  19037*)  ^^  ^^^  effect  that  he  found  in  a  sheep's  head  ''a  bag 
of  water  which  burst  and  ran  out  when  I  pressed  upon  it." 

The  next  available  article  on  the  subject  of  gid  published  during  this 
period  is  that  of  Wepfer  (1658a).  The  part  relating  to  (7.  cerehralis 
gives  at  this  early  date  notes  on  the  characteristic  symptoms  of  the 
disease,  its  pathology,  and  the  morphology  of  the  water  bladder. 
The  disease  is  further  recorded  as  a  frequent  cause  of  death  in  cattle, 
and  the  peasants  are  credited  with  a  form  of  operation  involving 
percussion  and  surprisingly  good  for  that  date. 

Heusinger  (1853a)  quotes  from  a  work  of  BarthoUnus  (1667ar), 
not  available  to  me,  a  statement  of  a  species  of  frenzy  and  vertigo 
which  in  1661  attacked  horses,  cattle,  and  sheep,  and  notes  that 
worms  were  foimd  in  the  heads  of  the  animals  attacked.  These  cases 
may  have  included,  and  very  likely  did  include,  cases  of  gid. 

The  next  available  article  dealing  with  C,  cerehralis  is  that  of 
Scultetus  (1672a),  who  in  a  Latin  treatise  on  surgery  gives  the 
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description  of  a  case  seen  at  the  earliest  date  at  which  we  have  found 
a  case  recorded.  The  following  is  quoted  from  an  English  translation 
of  the  same  work  (Scultetus,  1674a): 

Obeervation  X.  Of  a  Vertigo  in  a  Sheep,  proceeding  from  an  Absceefl  in  the  Brain. 

In  the  Year  1634,  December  the  24th.  Being  in  the  shop  of  Nicolas  Kite  o  he  made 
mention  of  his  sheep,  among  which  one  was  troubled  with  a  Vertigo,  or  Giddiness, 
the  Germans  call  it  Wirbling:  this  Disease  one  who  dealt  in  sheep  affirmed  to  be  inci- 
dent to  the  fairest  of  the  Flock;  that  hereby  their  whole  Brain  would  be  turned  into 
Water  and  then  they  would  fall  down  dead  on  a  sudden.  The  Chyrurgion  therefore 
commanded  that  one  of  those  sheep  which  was  weakened  with  this  Giddiness,  and 
turning  around,  should  be  killed,  and  sent  me  the  head. 

Scultetus  found  nothing  in  the  ventricle. 

Afterward  I  lifted  up  the  organs  of  smelling  «  ♦  *  and  on  the  left-side,  between 
the  Brain  and  the  Pia  mater,  I  found  an  abscess,  like  the  Bladder  of  a  Fish,  fuU  of 
very  clear  water  ♦  *  ♦  I  wondered  that  *  *  ♦  the  sheep  should  not  labour 
under  an  Apoplexy,  or  a  Palsy,  rather  than  a  Vertigo. 

In  1645  Scultetus  lost  a  sheep  by  the  same  disease,  and  in  the  work 
just  noted  writes: 

I  dissected  the  Head  *  *  *  and  presently  on  the  left-side  as  it  were  of  the 
backward  part  of  the  Head,  under  the  Dura  Mater,  I  found  a  Bag  of  the  thickness  of  a 
Fisches  Blader,  filled  with  Water,  and  little  Worms,  such  as  are  bred  in  Cheese;  for 
it  began  to  putrefie  at  the  bottom.  This  Coated  Tumour  being  bigger  than  a  Hens 
Egg,  had  BO  insinuated  itself  into  the  substance  of  the  Brain,  that  it  did  somewhat 
press  upon  the  third  Ventricle.  This  Sheep,  as  the  Shepheard  reports,  turned  herself 
round  about  towards  the  night  ^  all  that  day  she  dyed. 

That  gid  was  not  uncommon  in  the  seventeenth  century  is  clear 
from  the  fact  that  Rolfinck  (1656a),  writing  of  vertigo,  refers  to  it 
as  occasumaUy  (nonnumquam)  caused  by  sacs  of  water  on  the  brain 
in  sheep.  Wepfer  (1658a)  notes  it  as  a  serious  and  common  disease 
of  cattle  in  Switzerland.  In  the  account  of  Scultetus  (1674a)  it 
appears  that  a  sheep  dealer  recognizes  the  disease  as  one  common 
enough  in  Germany  at  that  time  to  have  a  colloquial  name, 
"Wirbling.'^ 

The  next  reference  to  gid  is  by  Wepfer  (1681a)  and  is  identical 
with  the  one  already  given,  being  in  a  later  edition  of  the  original 
work  of  1658. 

Ktichenmeister  (1880a)  refers  to  an  article  by  Brunner  (1694nr), 
not  available  to  me,  and  quotes  from  it  a  statement  to  the  effect  that 
Brunner  had  dissected  the  head  of  a  giddy  calf,  "Vituli  vertiginosi," 
and  in  the  cerebral  substance  had  found  three  hydatids  the  size  of 
pigeon  eggs  and  full  of  limpid  fluid.  Kiichenmeister  takes  this  to 
refer  to  Canurua  cerebralisy  which  it  obviously  does. 

oThe  original  Latin  text  reads  "in  tonstrino  Nicolai  Reutte."  The  translator  has 
translated  not  only  the  text  but  also  the  proper  names,  rendering  the  German  name 
Reutte  by  its  English  equivalent,  Kite. 

ft  This  last  statement  should  read  *'  towards  the  right,"  the  Latin  word  here  being 
•*dextram." 

51674^— Bull.  125,  pt.  1—10 2 
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The  next  reference  is  in  Wepfer  (1724a).  The  first  two  parts  of 
this  article  consist  of  the  two  parts  making  up  the  edition  of  1658. 
With  these  is  incorporated  a  third  part.  The  same  references  to  gid 
occur  in  the  parts  already  published  and  referred  to  above.  In  the 
new  part  is  a  new  reference  to  hydatids  in  the  brain  of  cattle  as 
being  commonly  believed  to  be  the  cause  of  the  vertigo  accompanying 
them.  He  has  seen  the  peasants  perforate  the  skull  and  extract 
these  in  operations  and  has  also  seen  the  hydatids  demonstrated 
post-mortem. 

Hoffberg  (1759a),  in  a  dissertation  on  Cervus  tarandus,  first 
presented  in  1754,  writes  under  the  heading  of  diseases  of  this 
animal,  of  a  vertigo  or  ''Ringsjuka'^  causing  the  reindeer  to  .turn  in 
circles.  Braun  (1894a)  takes  this  as  a  reference  to  Omnurus  cere- 
hralisj  which  is  a  perfectly  reasonable  a^umption.  The  presence 
of  the  parasite  in  the  reindeer,  however,  is  unsupported  by  post- 
mortem evidence  in  this  reference,  and,  so  far  as  I  am  aware,  such 
evidence  is  lacking  in  any  subsequent  writings.  The  occurrence  of 
the  gid  parasite  in  the  reindeer  must  therefore  be  considered  doubt- 
ful. It  seems  the  more  doubtful  in  that  Brehm  (1877nr)  states  that 
reindeer  are  attacked  by  the  larva  of  a  gadfly,  specified  by  Moniez 
(1880a)  as  Cephenomya  trompe,  which  penetrates  from  the  nasal 
cavity  to  the  brain,  causing  a  fatal  '^Drehkrankheit''  or  gid,  and 
it  may  have  been  this  disease,  apparently  a  common  one,  which 
Hoffberg  saw. 

Kiichenmeister  (1880a)  quotes  from  a  treatise  on  diseases  of 
sheep  by  Guetebruck  (1766a),  already  noted  as  not  available.  In 
this  treatise  it  is  stated  that  the  disease  attacks  lambs  and  yearlings, 
but  not  old  sheep;  that  some  are  bom  with  it;  that  a  water  bladder 
forms  on  the  brain  and  may  penetrate  the  skull;  that  when  the 
disease  has  not  gone  too  far  the  flesh  may  be  used  and  the  head  and 
feet  thrown  away  [very  bad  advice],  but  if  the  disease  has  gone  too 
far  the  entire  carcass  should  be  done  away  with.  As  a  method  of 
treatment  he  gives  venesection  on  the  temple  and  nose. 

Stier  (1776a)  has  an  article  on  gid,  of  which  only  the  review  was 
seen  by  me,  the  original  (Stier,  1775a)  not  being  available.  The 
article  takes  up  a  long  list  of  supposed  causes  of  gid  and  rejects 
them,  the  water  bladder  in  the  head  being  held  guilty  of  causing  the 
trouble.  Stier  also  draws  a  careful  distinction  between  actual  gid 
due  to  C,  cerebralis  and  simulated  gid  due  to  the  presence  of  (Estrus 
larv8R  in  the  nostrils,  the  latter  presenting  the  symptoms  most  com- 
monly mistaken  for  gid. 

According  to  footnotes  in  Bloch  (1780a),  Hastfer  (1776a)  and 
Ranstler  (1776a)  have  published  references  to  gid,  but  these  are  not 
available.     Bloch  states  that  they  attributed  gid  to  the  bladder  on 
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the  brain,  and  that  Ranstler  was  the  first  to  notice  the  small  bodies 
on  the  bladder  and  surmised  that  worms  arose  from  them. 

According  to  Braun  (1894a)  and  others,  the  cestode  nature  of  the 
water  bladder  found  in  the  brain  of  giddy  sheep  was  first  pointed 
out  by  Leske  (1780a)  and  by  Goeze  (1780a),  independently.  These 
references  are  not  available  to  me.  Braim  notes  that  Goeze  recog- 
nized the  cestode  heads  and  considered  them  as  the  embryos  of  the 
bladderworms  which  are  foimd  in  the  omentum  and  liver  of  sheep 
and  swine.  He  also  notes  that  Leske  found  Taenia  mvlticeps 
(^Comurus  cerebralis),  recognizing  the  characteristic  hooks  and 
suckers.  Ktichenmeister  (1880a)  quotes  part  of  Leske's  article 
showing  that  Leske  made  a  very  careful  study  of  the  morphology 
and  pathology  of  the  parasite.  He  noted  the  heads  invaginate 
and  evaginate  through  the  bladder  wall.  From  the  presence  of  so 
many  of  these  heads,  he  observes  that  we  may  consider  the  animal 
as  many  tapeworms  attached  to  a  conmion  bladder,  or  as  one  tape- 
worm with  many  heads.  Hence  it  would  be  appropriate  to  call  it 
the  many-headed  tapeworm,  so  he  names  it  Tsenia  multiceps. 

This  last  is  important,  as  it  establishes  the  fact  that  the  correct 
specific  name  of  the  gid  parasite  is  mvMiceps.  The  preceding  note 
from  Braun  (1894a)  confirms  the  correctness  of  Kuchenmeister's 
(1880a)  quotation,  and  in  addition  Mr.  Sherbom  has  very  kindly 
verified  the  reference  in  the  library  of  the  British  Museum.  It 
appears  from  evidence  to  be  considered  later  that  Leske's  work 
antedates  that  of  Goeze  in  the  same  year.  Were  it  otherwise,  Goeze's 
article  need  not  be  considered,  as,  according  to  Braun's  synopsis, 
he  regarded  the  heads  of  the  parasite  as  the  embryos  of  the  bladder- 
worms  foimd  in  the  omentum  of  sheep  and  swine,  and  hence  pre- 
sumably proposed  no  new  name  for  the  brain  parasite,  as  there 
would  be  no  reason  for  it  imder  the  circumstances  or  a  proper  appli- 
cation for  the  name  had  he  done  so. 

In  a  discussion  of  the  synonymy  of  this  parasite.  Stiles  and  Steven- 
son (1905a)  accept  as  the  specific  name  the  one  proposed  by  Bloch 
(1780a).  Bloch  makes  the  genus  Vermis  vesicularis  for  the  bladder- 
worms,  and  divides  these  into  three  species,  of  which  Vermis  vesicu- 
laris socialis  is  the  brain  bladderworm  of  sheep.  But  though  this 
article  of  Bloch's  bears  the  same  date  as  those  of  Leske  and  Goeze, 
viz,  1780,  Ijeske's  article  is  nevertheless  older,  and  the  name  pro- 
posed by  him  is  therefore  entitled  to  priority.  This  is  evident  from 
Bloch's  own  article,  which  shows  that  Bloch  had  read  Leske's  article 
of  the  same  year.  Bloch  states  that  Ranstler  first  noticed  the  small 
bodies  on  the  bladder  walls  and  surmised  that  worms  arose  from 
them,  but  that  Leske  and  Goeze  observed  that  these  bodies  were 
actually  bladderworms.     He  states  that  Leske  has  described  them 
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very  completely  and  figured  one  accurately.  Bloch  very  signifi- 
cantly adds  that  Leske  numbered  the  parasites  among  the  tape- 
worms, "Bandwiirmer,"  where,  according  to  Bloch,  they  can  not 
properly  be  reckoned,  for  reasons  already  given  by  him. 

It  is  evident  from  the  last  statement  that  Bloch  had  not  overlooked 
Leske's  Taenia  muUiceps  and  that  he  believed  he  was  correcting  an 
error  by  proposing  the  name  Vermis  vesicularis  socialis.  However, 
subsequent  work  on  cestode  life  history  has  shown  the  invalidity 
of  all  classifications  which  place  vesicular  worms  in  a  group  apart 
from  the  strobila  forms  and  has  justified  Leske's  judgment  in  uniting 
them. 

Unfortunately  for  Leske's  name,  Rudolphi  (1810a)  did  not  list  it 
as  a  synonym  of  Cmnurus  cerebralisj  although  he  listed  Leske's 
article  in  his  bibliography.  For  this  reason  Leske's  name  has  been 
very  generally  overlooked,  as  research  in  nomenclature  has  com- 
monly gone  back  through  Rudolphi  to  the  names  quoted  by  him. 
Stiles  and  Stevenson  (1906a)  do  not  give  Leske^s  name.  Taenia  mul- 
ticeps,  in  their  table  of  synonymy,  and  in  selecting  the  oldest  name 
available  to  them  have  overlooked  the  rather  obscure  references 
to  Leske's  unavailable  article.  On  calling  Doctor  Stiles^s  attention 
to  the  omission  he  pointed  out  to  me  that  Sherborn  (1902a)  refers 
to  Leske  (1780a)  with  the  comment  ''No  n.  spp."  I  wrote  Mr. 
Sherborn,  asking  him  to  verify  this  reference,  which  he  very  kindly 
did.  In  a  personal  communication  he  quotes  substantially  the 
part  quoted  by  Ktichenmeister  (1880a),  and  states  that  he  over- 
looked the  name  in  his  former  reading.  Mr.  Sherborn  was  also  good 
enough  to  supply  copies  of  Leske's  illustrations.  These  show  very 
close  observation. 

Following  the  independent  discoveries  by  Groeze  and  Leske  of  the 
cestode  nature  of  the  water  bladder  from  the  brain  of  giddy  sheep, 
there  arose  some  controversv  as  to  which  of  them  was  entitled  to 
priority.  According  to  Braun  (1894a),  Boerner  (1780a)  published 
an  article  discussing  this  point  and  holding  Groeze  as  the  discoverer. 
Subsequently,  Gopze  (1782a)  repudiated  Boerner's  article,  deploring 
the  misunderstanding  between  himself  and  Leske.  He  states  that 
he  has  explained  the  situation  in  a  previous  publication,  the  date  of 
which  is  not  given  and  which  is  unavailable  to  me.  Leske^s  priority 
is  conceded  by  Rudolphi  (1808a)  and  by  Davaine  (1860a).  The 
matter  of  priority  here  is  apparently  not  concerned  in  the  nomen- 
clature, and  what  honor  lies  in  priority  of  discovery  belongs  to 
Leske,  so  far  as  the  available  evidence  shows. 

Goeze  (1782a)  divides  his  genus  '' Taenia,  Bandwurm,"  into  two 
main  classes  as  he  calls  tliem — Tarnia  visceraUs^  the  visceral  tape- 
worms, and  Taenia  intestinal^,  the  intestinal  tapeworms.  Under 
the  former  he  lists,  among  other  species,  *  ^  Taenia  vesicularis  cerebrina'^ 
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from  the  brain  of  giddy  sheep,  MuUiceps,  the  many-headed,  with 
many  heads  and  bodies  in  a  common  bladder.  And  later  on  he 
states  that  from  the  numerous  heads  one  may  call  the  parasite 
''Vielkopf  (MuUiceps):' 

From  the  above,  Stiles  and  Stevenson  (1905a)  have  taken  the 
generic  name  MvMceps.  The  generic  name  used  by  Bloch  (1780a) 
is  evidently  unavailable,  being  composed  of  two  words  and  there- 
fore contrary  to  Article  8  of  the  International  Code  of  Zoological 
Nomenclature,  as  given  by  Stiles  (1905y):/*A  generic  name  must 
consist  of  a  single  word,  simple  or  compound." 

Rudolphi  (1809a)  rejected  Bloch's  Vermis  vesicvlaris  as  incon- 
gruous and  unsystematic.  Sherbom  (1902a)  is  in  error  in  listing 
Vermis  Bloch  1782  as  a  generic  name.  The  combination  Vermis 
vesicularis  is  always  used,  whether  with  or  without  various  specific 
names  attached. 

As  heretofore  shown  (p.  11),  the  earliest  specific  name  of  the 
parasite  is  that  of  Leske  (1780a)  as  given  in  the  name  Tsenia  muUi- 
ceps.  If  the  parasite  in  question  is  to  be  removed  from  tlie  genus 
Taenia,  then  the  new  combination  must  use  the  earliest  available 
generic  or  subgeneric  name^  and  since  Goeze's  (1782a)  use  of  the 
scientific  name  MuUiceps  is  evidently  generic  or  subgeneric  in  intent, 
being  clearly  used  to  distinguish  the  many-headed  gid  parasite 
from  the  single-headed  cysticercus  forms,  it  is  necessary  to  use  it  in 
the  new  name. 

The  tendency  for  some  time,  and  certainly  a  desirable  tendency, 
has  been  to  break  up  the  large  and  heterogeneous  group  of  animals 
formerly  listed  in  the  genus  Tseniaj  and  to  restrict  the  use  of  this 
name.  The  present  situation  has  already  been  stated  by  Stiles 
(1905y)  as  follows: 

MoBt  authors  recognize  that  Taenia  is  to  be  divided  into  the  subgenera  Taenia^  MuUi- 
ceps (i.  e.  Cosnurus),  and  Echinococcus.  Some  authors,  however,  incline  to  recognize 
these  subgenera  as  of  fuU  generic  rank. 

It  seems  advisable  to  restrict  the  generic  name  Taania  to  those 
forms  which  have  a  cysticercus  stage  in  the  life  history.  These 
alone  make  up  a  large  group  with  a  fairly  close  similarity  in  the 
adult  and  larval  stages.  To  retain  in  this  already  large  genus  forms 
having  a  ccenurus  or  echinococcus  larva  seems  unnecessary  and 
undesirable.     Long  ago  Leuckart  (1886d)  wrote: 

The  Ccsnurus  *  *  *  is  related  to  the  Cysticercus  as  a  compound  to  a  simple 
animal — a  sufficient  reason  for  systematic  zoologists  to  separate  them. 

Generic  rank  is  accorded  to  particular  groups  of  species  which 
in  the  course  of  evolution  have  attained  distinctive  characteristics, 
and  I  see  no  reason  for  withholding  such  rank  from  forms  in  which 
these  distinctive  characteristics  occur  in  the  larva  instead  of  the 
adult.     This  point  is  of  especial  importance  in  a  case  of  this  sort 
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where  the  animal  is  found  in  the  larval  stage  in  the  great  majority 
of  cases,  the  adult  being  seldom  seen  or  recognized.  This  view  is 
in  accord  with  that  of  Stiles  and  Stevenson  (1905a),  from  whom  the 
following  is  quoted: 

Opinions  may  differ  as  to  whether  this  group  [Multiceps]  should  be  given  generic 
or  Bubgeneric  rank.  Personally  we  see  no  serious  argument  against  recognizing  a 
distinct  genus  on  basis  of  the  "larval"  stage. 

Adopting,  then,  the  genus  Multiceps  Goeze,  1782a,  and  the  species 
mvUiceps  Leske,  1780a,  as  the  oldest  available  names,  the  correct 
technical  name  of  the  gid  parasite  is  Multiceps  multiceps  (Leske, 
1780a),  Hall,  1910/?. 

From  1782  to  1800,  the  latter  date  marking  the  beginning  of 
Braun's  (1894a)  third  period  in  helminthology,  numerous  observa- 
tions were  made  on  gid,  most  of  them  merely  confirming  the  previous 
work  of  Leske,  Goeze,  and  Bloch,  or  adding  minor  points  of  more  or 
less  importance  and  interest.  By  1800  the  gid  disease  had  been 
observed  certainly  for  over  a  century  and  a  half  and  very  likely  for 
twenty-two  centuries,  its  parasite  had  been  named,  described,  and 
figured,  and  had  a  fairly  large  number  of  synonyms  in  addition  to  its 
correct  name,  the  symptoms  and  pathology  of  the  disease  had  been 
given,  together  with  the  symptoms  of  diseases  simulating  gid,  and 
methods  of  operation  had  been  used  which  only  lacked  aseptic  pre- 
cautions to  make  them  equivalent  to  good  modem  methods,  and 
which  were  as  good,  perhaps,  as  most  methods  now  in  actual  use. 

There  remained,  then,  the  work  of  finding  out  the  life  history  and 
basing  on  that  a  rational  prophylaxis.  As  a  matter  of  fact  the  dis- 
covery, of  this  life  history  by  Kiichenmeister  and  Von  Siebold  marks 
the  beginning  of  the  fourth  and  last  period  in  helminthology.  The 
contributions  of  the  third  period  to  the  subject  of  gid  are  largely 
wrong  and  unnecessary  theories  of  causation  as  well  as  unsatisfac- 
tory methods  of  treatment.  In  addition,  the  large  amount  of  litera- 
ture in  this  period  lists  the  parasite  from  several  new  hosts,  often 
erroneously,  and  adds  considerably  to  the  synonyms  by  which  it 
is  known.  During  this  period  new  records  of  the  disease  show  a 
widening  geographical  distribution,  and  unsatisfactory  and  unsub- 
stantiated statements  of  its  presence  in  the  United  States  begin  to 
appear  as  early  as  1809.  The  essential  contributions  in  the  literature 
of  this  period  have  been  covered  in  tables  and  discussions  to  be  given 
later,  and  the  important  events  marking  the  modem  period  of  helmin- 
thology may  next  be  considered. 

Von  Siebold  (1844a)  proposed  as  an  explanation  of  the  true  nature 
of  bladderworras  that  they  were  cestode  embryos  which  in  attaining 
a  new  host  had  gone  astray,  ending  as  encysted,  incompletely  devel- 
oped forms.  Thus  Cysticercus  fasciolaris  of  the  mouse  was  held  to 
be  such  an  incomplete  sexless  modification  of  Taenia  crassicoUis  of  the 
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cat.  He  ventured  to  predict  that  in  time  the  various  tapeworms 
would  be  identified  in  their  relation  to  certain  cysticercus,  coenurus, 
and  echinococcus  forms. 

Dujardin  (1845a)  advanced  a  similar  theory,  and  this  view  or 
modifications  of  it  became  popular  in  scientific  circles  during  the 
five  or  six  years  following  Von  Siebold's  publication.  It  required 
the  experimental  work  of  Von  Siebold  and  Kuchenmeister  in  1851 
and  1852  to  complete  this  half  truth.  In  the  meantime  the  advo- 
cates of  spontaneous  generation  lost  ground  to  those  who  urged  that 
the  bladderworms  were  altered,  degenerate  cestodes  or  were  incom- 
pletely developed  embryonal  forms. 

A  prominent  champion  of  the  last  theory,  Kuchenmeister  (1851e), 
finally  published  a  note  stating  that  he  had  produced  Tsenia  cms- 
sicipes  [=  T.  crassiceps]  of  the  fox  by  feeding  Cysticercus  pisiformis. 
A  little  later  (Kuchenmeister,  1851d)  he  corrected  this  statement, 
changing  his  identification  of  the  adult  worm  to  T,  serrata.  This 
marks  the  beginning  of  the  modem  use  of  the  now  general  experi- 
mental feeding  methods  of  determinuig  life  histories. 

It  remained  for  Von  Siebold  (1852a),  the  supporter  of  the  theory 
of  hydropic  degeneration  of  bladderworms,  to  furnish  additional 
proof  that  his  theory  was  wrong,  for  this  same  year  he  produced  the 
adult  cestode  from  the  gid  bladderworm. 

The  following  year  Kuchenmeister  (1853e)  succeeded  in  experi- 
mentaUy  demonstrating,  for  the  first  time,  the  entire  life  history  of 
a  cestode.  He  fed  OiBUurus  cerebralis  to  a  dog  and  produced  a  tape- 
worm which  he  called  Tsenia  ccenurus.  He  then  fed  the  gravid  pro- 
glottids  of  this  tapeworm  to  a  sheep,  and  produced  in  it  the  early 
stages  of  the  ccenurus  in  the  brain. 

From  this  experiment  Kuchenmeister  concludes  that  sheep  are 
infected  in  pasture  by  dogs  dropping  proglottids.  Other  animals, 
he  thinks,  may  also  harbor  the  tapeworm,  and  he  claims  this  would 
certainly  be  true  of  wolves  in  Hungary  and  Poland.  This  statement 
is  evidently  mere  assertion,  as  it  is  not  verified  by  the  record  of  such 
a  finding  either  at  the  time  or  subsequently.  At  this  date  no  de- 
scription of  T.  ccenurus  had  been  published  and  its  anatomy  had  not 
been  studied.  Indeed,  the  following  year  Von  Siebold  (1854b) 
states  that  he  finds  the  adult  of  Ccenurus  cerebralis  to  be  Tsenia 
serrata.  While  the  occurrence  of  T.  canurus  in  the  wolf  is  a  proba- 
bility, it  is  nothing  more,  so  far  as  all  available  records  show. 

On  the  evidence  at  hand  Kuchenmeister  formulated  a  set  of  rules 
for  the  prophylaxis  of  gid  which  is  practically  complete.  It  is  as 
follows: 

1.  Feed  dry  food  the  year  roxmd  and  do  not  pasture. 

2.  Once  or  twice  a  year,  purge  the  sheep  and  dogs  in  some  inclosed 
place  to  get  rid  of  tapeworms,  and  bum  the  feces. 
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3.  Do  not,  as  is  usually  done,  throw  the  heads  of  giddy  sheep  to  the 
dogs,  or,  as  Kiichenmeister  after  investigation  finds  to  be  done, 
throw  the  brain  to  the  dogs  before  cooking  the  heads.  Where  there 
are  wolves  one  must  also  bury  or  bum  the  intestines  of  those  that  are 
killed,  and  not  throw  them  away  to  infect  the  fields. 

Such  a  program  is  not  altogether  practicable  or  necessary,  but 
it  only  needs  trifling  amendment  to  bring  it  down  to  date.  Had  it 
been  adhered  to  only  as  regards  keeping  dogs  free  from  tapeworms 
and  heads  of  giddy  sheep  away  from  carnivora  for  the  last  half  cen- 
tury, gid  would  probably  have  been  a  rare  disease  by  this,  for  it  is 
really  one  of  the  most  readily  preventable  of  diseases^ 

The  next  year  Kuchenmeister*s  work  was  confirmed  by  Von 
Beneden  (1854^  and  1854/?),  Eschricht  (1854^),  Gurlt — according  to 
Kiichenmeister  (1854a) — Haubner  (1854c  and  1854d),  Leuckart 
(1854c),  and  Roll  (1854nr),  all  of  whom  produced  gid  in  sheep  by 
feeding  proglottids  of  Tsenia  ccRnurus  sent  them  by  Kiichenmeister. 

As  a  result  of  these  experiments  and  others  performed  soon  after, 
the  important  phases  of  the  life  history  of  the  gid  tapeworm  were 
determined.  It  was  found  that  the  disease  began  with  an  invasion 
period  during  which  the  embryos  were  migrating  through  the  body. 
Then  followed  an  interval  of  apparent  recovery,  during  which  the 
growth  of  the  bladdery  vesicle  was  going  on,  to  the  point  where  the 
heads  became  developed  and  exsertile.  Here  the  third  and  final 
stage  of  gid  occurred,  the  characteristic  symptoms,  corresponding  to 
particular  locations  of  the  parasite,  becoming  more  aggravated  with 
the  increase  in  growth  and  number  of  heads  until  death  occurred. 

Subsequent  work  has  added  to  our  knowledge  of  the  morphology 
of  the  gid  parasite,  of  the  symptoms,  pathology,  and  simulation  of 
the  disease,  and  of  the  need  of  avoiding  bacterial  infection  in  opera- 
tion. Tt  has  added  numerous  synonyms  to  the  nomenclature,  and 
recorded,  correctly  or  incorrectly,  new  hosts  and  new  areas  of  infec- 
tion, among  the  latter  the  United  States.  No  essential  points  have 
been  added  to  our  knowledge  of  the  life  history  of  the  parasite  or 
the  prophylaxis  of  the  disease. 

GID   IN    THE    UNITED   STATES. 

The  history  of  gid  in  the  United  States  is,  to  a  remarkable  extent, 
a  matter  of  conjecture.  So  far  as  I  have  been  able  to  discover,  the 
first  claim  of  its  occurrence  here  was  made  a  century  ago  by  Liv- 
ingston (1809(^r).  His  claim  is  based  on  very  unsatisfactory  evidence. 
The  following  is  a  rather  full  quotation  of  the  case : 

The  staggors  or  dizziness,  which  is  also  known  by  various  other  names,  has  occurred 
in  three  instances  in  my  flock,  and  always  attacked  lambs  under  one  year.  *  *  ♦ 
They  wer«  taken  very  suddenly  *  *  *  by  a  species  of  convulsion,  in  which  the 
neck  w^  twii^ted  to  one  side;  they  lost  the  use  of  their  legs;  when  raised  they  would 
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attempt  to  follow  the  flock,  but  turned  round  and  fell;  in  a  few  days  they  were  inca- 
pable even  of  standing,  of  moving  their  heads  or  any  of  their  limbs.  As  they  were 
very  valuable  sheep,  I  paid  particular  attention  to  them;  graas  and  grain  were  given 
them,  which  they  would  readily  eat,  though  they  could  not  move  any  part  but  their 
jaws.  In  this  state  they  lay  a  week  without  motion,  except  of  their  eyes  and  mouth. 
*  *  *  In  about  ten  days  they  could  stand  without  support,  but  fell  when  they 
attempted  to  walk.  *  *  *  At  intervals  they  would  get  better  *  *  *  but  they 
were  always  found  laying  in  some  part  of  the  field  as  if  they  were  dead.  *  *  *  In 
the  course  of  about  six  weeks  they  so  far  recovered  as  to  be  able  to  join  the  flock;  one 
of  them  *  *  *  received  a  blow  *  ♦  *  that  killed  him;  the  other  two  recov- 
ered, but  very  slowly;  and  even  at  the  end  of  eight  months  they  bore  evident  marks 
of  their  complaint.  This  disorder  is  found,  upon  dissection,  to  be  owing  to  a  bag 
containing  water  within  the  skull.  *  ♦  *  It  may  *  *  ♦  be  justly  considered 
as  incurable  by  the  doctor,  but  not,  as  I  have  shown,  by  the  nurse.  *  *  *  But  a 
sheep  must  be  extremely  valuable  to  pay  for  three  months'  constant  attention. 

It  seems  unlikely  that  the  above  cases  were  gid.  Their  occurrence 
in  lambs  fits  in  with  the  theory  of  gid,  and  the  general  symptoms, 
though  not  typical,  might  have  been  gid.  On  the  other  hand,  the 
alternation  between  periods  of  normal  activity  and  entire  collapse 
does  not  look  like  gid,  and  the  gradual  betterment  over  a  period  of 
eight  months  runs  counter  to  the  cUnical  history  of  the  disease. 
Moreover,  leaving  out  the  case  of  the  lamb  that  was  killed  while 
recovering,  the  pjer  cent  of  recoveries  was  100.  Some  writers  have 
claimed  a  spontaneous  recovery  in  2  per  cent  of  all  cases,  but  the 
writer  knows  of  no  evidence  showing  that  any  cases  ever  recover 
when  the  formation  of  the  bladder  is  once  under  way,  and  a  degen- 
eration of  the  parasite  in  its  earlier  stages,  indicated  by  the  brain 
concretions  according  to  Spinola  (1868b),  would  not  give  a  long  period 
of  slow  recovery.  Moreover,  the  three  scattering  cases  given  would 
indicate  a  sporadic  infection,  not  to  be  expected  in  the  case  of  gid. 
Doctor  Mohler  of  this  Bureau  suggests  a  meningitis  as  the  particular 
disease  simulating  gid  in  tliis  instance,  a  theory  which  seems  to  fit 
the  case  very  well.  The  lack  of  post-mortem  evidence  is  unfortu- 
nate, as  even  typical  cases  of  gid  may  be  simulated  by  other  things. 

Cole  (1847ar),  in  a  book  published  in  Boston,  discussing  ''Sturdy, 
or  Water  in  the  Head,"  states: 

A  writer  on  this  subject  says  that  he  knew  a  shepherd  in  Europe  that  saved  nearly 
all  on  which  he  operated  in  this  manner  [by  trocar]^  while  he  himself  lost  nearly  all 
on  which  he  operated. 

This  sentence  suggests  that  the  writer  referred  to  had  operated 
outside  of  Europe  and  most  Ukely  in  the  United  States,  but  this  is, 
of  course,  mere  speculation. 

Later,  a  competent  scientist,  Leidy  (1856a  and  1856b)  records 
Ccsnurus  cerebrdlis  in  a  list  of  parasites  "observed  by  the  author,''  but 
does  not  state  whether  it  was  collected  in  the  United  States. 

McClure  (1870^),  writing  from  the  United  States,  says  that  he  has 
known  as  many  as  five  coenuri  to  occur  in  the  brain  of  sheep.     He 
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does  not  specify  that  this  observation  was  made  in  the  United  States, 
however,  or  that  the  disease  occurs  here. 

Verrill  (1870d),  writing  of  gid,  says:  '*In  this  country  [United 
States]  the  disease  is  far  more  common  than  most  persons  suppose." 
Unfortunately,  he  cites  no  Uterature  and  no  cases  in  support  of 
this  statement,  and  a  request  for  further  information  has  not  been 
answered. 

Tellor  (1879a)  says:  '* Hydatid  in  the  brain,  or  tumsick,  although 
reported  from  New  York  and  other  States,  is  a  curiosity  rather  than 
a  scourge."     He  does  not  claim  to  have  seen  the  disease. 

Crutchfield  (1880a),  of  Hamilton  County,  Tenn.,  says: 

I  have  loet  a  few  sheep  by  "staggers,"  "tumsick,"  etc.,  properly  Hydatid  on  the 
brain,  by  allowing  the  sheep  to  range  upon  low,  wet,  spongy  lands.  By  removing 
them  at  once  the  disease  ceased. 

The  evidence  here  is  not  sufficient  to  enable  one  to  pass  judgment 
on  the  case.  There  is  no  statement  of  symptoms  or  autopsy  find- 
ings, and  the  cessation  of  the  disease  on  removing  the  sheep  from 
low,  wet  ground  might  or  might  not  have  followed  in  the  case  of  gid. 
Hence  tliis  case  must  remain  uncertain. 

Killebrew  (1880ar),  writing  from  the  same  State,  Tennessee,  in  the 
same  year  does  not  claim  to  have  seen  the  disease,  but  Stewart 
(1880a),  writing  from  New  York,  says  of  Coenurus  cerehralis:  'The 
presence  of  this  parasite  has  been  discovered  *  *  *  in  mmierous 
sheep  in  this  country.'' 

Stewart's  statement  is  not  convincing,  but  in  connection  with  other 
things  it  shows  a  belief  on  the  part  of  men  interested  in  the  sheep 
business  that  gid  existed  in  this  country.  Later  events  indicate  that 
their  belief  and  their  statements  to  that  effect  are  quite  as  likely  to 
have  been  based  on  fact  as  to  have  been  unfounded. 

Wernicke  (1886a)  records  C.  cerehralis  from  sheep  in  Buenos  Aires. 
He  beUeves  it  imported  from  Europe  and  states  that  it  is  a  source  of 
worry  to  breeders.  It  seems  altogether  likely  that  if  gid  had  been 
imported  to  South  America  from  Europe  by  1886,  it  had  probably 
been  imported  to  the  United  States  from  the  same  source  even  earher. 
In  this  connection.  Powers  (1887^)  writes  from  New  York  the  fol- 
lowing year  concerning  gid: 

I  have  never  seen  a  case  of  this,  knowing  it  to  be  such,  nor  have  I  seen  an  American 
shepherd  who  has  met  with  it.  It  was  probably  imported  from  England,  and  it  seems 
to  prevail  chiefly  in  the  Eastern  States.  *  »  *  i  made  many  autopsies  of  sheep 
*  *  *  for  the  bladder  or  cyst  of  this  par&site,  but  I  never  found  one.  ^lien  the 
case  is  long  drawn  out,  the  bladder  or  tumour  on  the  brain  by  constant  pressure  on  the 
skull,  absorbs  it  to  such  a  degree  that  a  finger  pressed  on  the  spot  discovers  a  soft  spot 
in  the  plate  of  the  bone,  or  the  latter  even  bulges  out  in  a  protuberance.  ♦  *  • 
Twice  I  have  seen  this  phenomenon  in  my  own  flocks  and  in  rude  fashion  lanced 
them,  thereby  saving  the  sheep. 
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There  is  an  evident  contradiction  between  the  statement  that  the 
writer  has  never  seen  gid  and  that  he  has  operated  on  his  sheep  for  it. 

How  easy  it  would  be  to  import  a  case  of  gid  may  be  surmised 
from  Rabe's  (1889a)  case  in  a  gazeUe  imported  from  South  Africa 
fourteen  days  before  death.  There  is  also  the  possibility  of  import- 
ing the  adult  worm  in  some  of  the  numerous  dogs  which  have  been 
imported  to  this  coimtry .  Professor  La\« ,  in  a  personal  communica- 
tion, writes  under  date  of  July  2,  1909: 

Owing  to  its  rapid  development  in  the  lamb  it  is  less  likely  to  be  imported  in  the 
condition  of  larva,  but  among  the  many  imported  dogs  the  Tamia  must  have  been 
often  imported. 

All  things  considered,  the  Ukelihood  of  importing  the  disease  via 
the  dog  is  perhaps  as  great  as  that  of  importing  it  in  the  sheep,  but 
I  would  not  consider  the  latter  less  hkely.  Rabe's  case  and  others 
to  be  considered  later  show  this.  Moreover,  a  possible  four  to  six 
months  is  not  a  very  rapid  development  of  disease  in  these  days  of 
rapid  transit.  An  outbreak  of  gid  attributed  by  Doctor  Law  and  by 
Taylor  and  Boynton  (1910a)  to  imported  dogs  is  discussed  later  in 
this  paper.  The  writer  has  collected  evidence  in  Montana  indicating 
that  the  gid  parasite  has  been  imported  in  dogs  in  some  instances 
and  the  disease  spread  by  the  sale  or  gift  of  these  dogs  and  their 
offspring. 

Nearly  twenty  years  ago,  Curtice  (1890c)  writes  of  larval  cestodes 
in  sheep:  ''  Taenia  marginaia  is  more  common  in  the  United  States, 
and  T.  ccenuras  next."  He  hazards  the  guess  that  in  the  West 
wolves,  coyotes,  and  foxes  may  harbor  the  parasite.  In  a  personal 
communication  Doctor  Curtice  writes  of  the  above  imder  date  of 
July  26,  1909:  **I  have  never  seen  T.  ccenurus,  I  must  have  made 
statement  on  information  by  reading.'' 

In  another  article  Curtice  (1892g)  has  the  following: 

The  tapeworms  identified  as  T.  aznurm  were  found  but  once  in  Colorado.  The 
species  may  have  been  one  arising  from  rabbit  cysticerci  and  wrongly  identified. 
The  specimens  were  taken  from  a  sheep  dog.    They  are  now  in  the  bureau  collection. 

I  have  examined  these  specimens  (Nos.  2839  and  2840),  and  while 
they  are  not  in  good  condition  it  is  still  possible  to  determine  the 
essential  things.  They  are  not  T,  cmnurus,  so  far  as  the  material 
furnishes  data  on  the  subject.  To  mention  two  evident  differences, 
the  eggs  are  decidedly  oval,  and  the  handle  of  the  large  hook  is  of 
an  entirely  different  shape. 

About  the  year  1895  the  subject  of  gid  in  the  United  States  begins 
to  receive  notice  in  sheepmen's  periodicals.  Thus  we  find  gid  diag- 
nosed by  the  veterinary  editor  of  one  paper  (Vet.  Ed.  Amer.  Sheep 
Breeder,  1896ar)  in  a  case  where  correspondents  from  an  unspecified 
locality  give  a  history  of  staggering  to  the  right  in  an  imported 
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Shropshire  ewe.  The  animal  became  unable  to  rise  and  was  killed. 
On  post-mortem  examination  a  third  of  a  teacupful  of  water  ran  out 
of  the  head.  We  are  obliged  to  concur  in  the  diagnosis  given  and 
consider  that  the  disease  was  very  Ukely  imported  with  the  sheep. 

Later  in  the  same  year  the  same  diagnosis  is  given  by  this  editor 
(Vet.  Ed.  Amer.  Sheep  Breeder,  1895/?)  in  a  second  case  from  an 
unspecified  locality,  with  the  characteristic  symptoms  of  giddiness 
or  turning,  followed  by  death.  Another  case  is  diagnosed  as  gid  on 
the  same  symptoms  two  years  later  (Vet.  Ed.  Amer.  Sheep  Breeder, 
1897^). 

Sommer  (1896c)  did  not  find  T,  canurua  in  an  examination  of  fifty 
dogs  at' Washington,  D.  C. 

The  adult  tapeworm,  T.  comurus,  was  reported  from  Nebraska  by 
Ward  (1896b),  but  Stiles  (1898a)  on  an  examination  of  the  head  of 
the  specimen  pronounced  it  T,  serialis.  Doctor  Stiles  tells  me  that 
he  based  this  identification  on  the  bifid  guard  of  the  small  hook,  an 
inadequate  diagnostic  character,  as  the  corresponding  guard  of  T. 
coRUurus  is  also  bifid.  (See  Reinitz,  1885a,  and  Ransom,  1905d.)  On 
the  other  hand,  the  larva  and  adult  of  T.  serialis  are  known  to  occur 
in  Nebraska,  which  makes  it  likely  that  Stiles  was  correct.  Ward 
(1897b)  agrees  with  Stiles  that  it  was  T.  serialis. 

Knowles  (1897(t)  writes  as  follows: 

As  numbers  of  inquiries  come  to  this  office  relative  to  gid,  or  staggers,  or  so-called 
tumsick  in  sheep,  I  *  *  *  append  a  well- written  description,  etc.,  of  this  dis- 
ease by  Doctor  Curtis.    [This  should  be  Curtice.] 

Doctor  Knowles  tells  the  writer  that  he  saw  his  first  cases  of  gid 
in  Montana  during  the  year  that  the  above  was  written,  1897. 

Stiles  (1898a),  writing  from  this  laboratory,  says  of  Ccenurus  cere^ 
bralis: 

Fortunately  it  does  not  seem  to  be  prevalent  in  this  country.  *  ♦  *  It  has  been 
impossible  for  the  writer  to  find  any  possible  evidence  of  the  existence  of  the  gid 
bladderworm  in  this  country,  yet  in  view  of  tho  importations  from  Europe  of  sheep 
and  dogs  it  is  difficult  to  believe  that  we  are  entirely  free  from  this  parasite. 

In  a  footnote  he  says: 

One  extrelmely  doubtful  case  has  been  reported  to  us  from  Minnesota  of  its  occur- 
rence under  the  skin  of  a  horse.  This  latter  case  has  not  been  examined  by  the 
bureau,  but  I  would  suggest  that  Tamia  serialis  is  common  in  America,  and  consider- 
ing the  tissue  in  which  this  parasite  was  found,  it  is  not  at  all  improbable  that  the 
Minnesota  case  was  one  of  Ccenurus  serialis  ( Txnia  serialis)  rather  than  C.  cerebralis. 

Railliet's  (1893a)  earlier  note  of  this  case  is  based  on  correspond- 
ence. 

As  this  case  stands  wo  may  choose  between  considering  it  as  the 
first  and  only  case  of  0.  serialis  in  the  horse  and  in  its  normal  loca^ 
tion,  or  regarding  it  as  one  of  several  cases  of  C,  cerebralis  in  the 
horse,  occurring  in  a  location  in  which  it  has  been  reported  twice 
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from  the  sheep.  The  case  is  too  doubtful  to  pass  judgment  on,  and 
the  report  may  have  been  an  error  m  the  first  place. 

Wallace  (1900a)  diagnoses  a  case  for  a  correspondent  from  Iowa 
as  gid  in  sheep.     The  symptoms  are  suspicious,  but  not  clearly  gid. 

Shaw  (1901a),  writing  of  the  sheep  industry  of  Minnesota,  says 
that  gid  ''has  not  been  markedly  prevalent  in  Minnesota.''  In  a 
personal  communication  dated  July  27,  1909,  Professor  Shaw  writes: 

I  have  seen  cases  which  I  supposed  to  be  gid  in  sheep,  but  I  have  never  seen  the 
parasite  iteelf  *  ♦  *.  Dr.  H.  M.  Reynolds,  veterinarian  of  our  [Minnesota]  station 
*  *  *  tells  me  that  his  experience  is  similar  to  mine.  He  has  not  yet  seen  the 
parasite. 

The  veterinary  editor  formerly  referred  to  (Vet.  Ed.  Amer.  Sheep 
Breeder,  19017"  and  19015)  diagnoses  a  case  as  gid  in  reply  to  two 
correspondents  from  Montana  who  describe  the  symptoms  and  post- 
mortem findings  of  their  sheep.  The  diagnosis  is  unmistakably  cor- 
rect. He  states  (19015)  that  gid  is  '^fortunately  not  very  common 
except  in  the  native  sheep  of  the  plains."  Strictly  speaking,  the  only 
native  sheep  in  America  are  the  Bighorn  sheep,  Ovis  Tnontana,  of  the 
mountains,  never  reported  as  subjects  of  gid.  The  reference  is  per- 
haps to  native-bred  sheep.  The  diseased  sheep  in  this  case  came 
from  Colorado,  and  the  editor  states: 

It  [C.  cerehralis]  is  especially  common  in  Colorado,  where  70  per  cent  of  sheep 
examined  by  Doctor  Curtice  were  infested  by  it.  It  is  unquestionably  quite  as  com- 
mon in  all  the  western  country  from  Mexico  as  far  north  as  the  animals  mentioned 
[foxes,  wolves,  and  coyotes]  exist. 

It  has  already  been  noted  that  Doctor  Curtice  says  that  he  has 
never  seen  T.  cosnurua. 

Finally  the  editor  states  that  he  has  recently  operated  on  seven 
sheep  for  gid.  This  is  the  first  record  of  what  appears  to  be  a  clear 
case  of  the  finding  of  the  parasite  in  the  United  States.  On  attempt- 
ing to  secure  further  information  about  these  cases  it  was  learned  that 
the  veterinary  editor  in  question  was  deceased. 

In  another  sheep-breeders'  periodical  (Vet.  Ed.  Amer.  Shepherd's 
BuUetin,  1902ar)  a  case  from  lUmois  is  diagnosed  as  probably  gid.  The 
symptoms  are  quite  characteristic — slobbering,  refusal  to  eat,  turning 
always  to  left,  head  held  down  to  left,  death  the  fourth  day.  The 
case  was  probably  gid.  The  editor  states  that  he  has  seen  gid  in 
England,  but  not  in  the  United  States,  though  he  claims  that  there  is 
reason  to  suppose  that  it  occurs  in  imported  sheep. 

Law  (1903a)  says  of  the  adult  tapeworm  from  Coenurus  cerehralis: 
'^The  writer  raised  forty-two,  averaging  1  foot,  in  six  weeks  in  a 
sucking  puppy."  Doctor  Law  writes  in  a  letter  of  July  2,  1909, 
already  noted,  that  this  was  done  in  Edinburgh,  Scotland,  in  1864 
or  1865,  and  that  he  has  not  seen  gid  in  America. 
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Cases  from  Nevada,  showing  the  symptoms  and  post-mortem  evi- 
dence of  gid,  are  so  diagnosed  by  the  veterinary  editor  of  the  American 
Sheep  Breeder  (1903a).  Some  cases  from  Kansas  and  Iowa,  with 
symptoms  of  gid,  but  no  post-mortem  findings,  are  also  diagnosed 
as  gid.     (Vet.  Ed.  Amer.  Sheep  Breeder,  1903/?  and  1903;-.) 

The  same  year,  the  veterinary  editor  of  the  American  Shepherd's 
Bulletin  (1903  a)  states  that  the  disease  is  prevalent  in  Utah  and 
common  in  other  sections.  He  diagnoses  gid  in  two  imported  rams  in 
Michigan  (Vet.  Ed.  Amer.  Shepherd's  Bulletin,  1903^) — the  diagnosis 
seems  correct  from  the  characteristic  symptom  complex — and  gives 
the  report  of  an  operation  (Vet.  Ed.  Amer.  Shepherd's  Bulletin, 
1903;')  from  an  unspecified  locality  where  some  one  found  a  "bag  of 
water  "  on  the  sheep's  brain. 

The  next  year.  Stiles  (1904s)  wrote  of  C(xnuru8  cerebraUs:  "I  have 
never  seen  any  specimen  of  this  parasite  collected  in  the  United 
States." 

The  same  year,  an  outbreak  of  gid  occurred  in  Montana,  a  discus- 
sion of  this  outbreak  being  given  the  following  year  by  Ransom 
(1905d).     In  that  article  Ransom  states: 

Until  very  recently,  bo  far  as  it  has  been  possible  to  determine,  gid  has  been  entirely 
unknown  in  this  country.  *  *  *  It  seems  hardly  probable,  in  view  of  our  present 
knowledge,  that  the  disease  has  been  altogether  absent  *  *  *  The  disease  is  now 
present  in  the  United  States,  cases  having  developed  recently  which,  as  the  attend- 
ant circumstances  show,  must  have  resulted  from  infection  in  this  country. 

The  sheep  in  question  died  at  Bozeman,  Mont.  A  comparison  of 
the  coenuri  obtained  showed  a  complete  agreement  with  the  descrip- 
tion of  the  European  Canurus  cerehralis.  Ransom's  article  pointed 
out  the  danger  from  this  disease  and  the  means  of  combating  it. 

In  addition  to  Ransom's  cases  of  gid  from  Montana,  the  veterinary 
editor  of  the  American  Sheep  Breeder  ( 1905ar-^)  answers  a  number  of 
letters  from  which  it  appears  that  gid  was  present  the  same  year  in 
Missouri,  Kansas,  Ohio,  Colorado,  Indian  Territory,  and  other  locali- 
ties not  specified.  The  symptoms  were  quite  characteristic  in  the 
Missouri  cases  and  were  confirmed  by  post-mortem  in  the  cases  from 
Ohio  and  the  Indian  Territory.  These  cases  are,  in  my  opinion, 
undoubtedly  gid,  and  the  Kansas  and  Colorado  cases  are  possibly  gid. 

Clarke  (1907  or)  states  that  he  has  met  many  cases  of  gid  in  sheep 
at  the  slaughterhouses,  but  in  a  personal  communication  of  August 
2,  1909,  he  writes  that  this  was  in  England. 

Wing  (1907a),  after  many  years  experience  withr  sheep,  states  that 
he  is  not  sure  that  he  has  ever  seen  an  instance  of  gid. 

Kaupp  (1908ar  and  1910^)  has  overlooked  the  work  of  Ransom 
(1905d),  as  well  as  some  other  articles  we  have  cited,  and  states  that 
gid  is  not  reported  in  the  United  States. 
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Luckey  (1908rr),  writing  from  Missouri,  states:  ''Although  not 
very  common  in  this  State,  what  is  known  as  sturdy  or  gid  in  sheep 
causes  some  loss.'' 

Regarding  this,  Doctor  Luckey  writes,  under  date  of  July  21, 1909, 
that  he  has  not  kept  an  accurate  record  of  outbreaks,  but  remembers 
a  report  from  Willow  Springs,  Howell  County,  describing  perfectly 
the  symptoms  of  gid  in  goats.  This  is  the  only  case  known  to  me 
where  gid  has  been  reported  from  the  goat  in  the  United  States,  and 
it  is  included  in  a  subsequent  list  as  a  probable  case. 

The  veterinary  editor  of  the  American  Sheep  Breeder  (1908/9)  diag- 
noses as  gid  a  very  doubtful  case  in  an  Iowa  sheep,  and  elsewhere 
(Vet.  Ed.  Amer.  Sheep  Breeder,  1908^^)  states  that  the  disease  is 
very  prevalent  at  the  time  in  some  parts  of  the  United  States. 

The  writer  (Hall,  1909a  and  1910a)  has  twice  reported  gid  from 
the  United  States,  once  with  a  record  of  cases. 

The  official  files  of  this  Bureau  furnish  additional  data,  mostly 
obtained  through  inquiries  by  Dr.  B.  H.  Ransom,  chief  of  the  Zoolog- 
ical Division  of  the  Bureau.  Dr.  S.  W.  McClure,  Bureau  veterinary 
inspector,  Pendleton,  Oreg.,  in  addition  to  furnishing  this  division 
with  specimens  of  giddy  sheep,  further  infonns  us  under  date  of  Sep- 
tember 3,  1906,  that  a  highly  reliable  sheep  man  of  Chouteau,  Mont., 
claims  to  have  had  gid  among  his  yearlings  "for  many  years,"  hav- 
ing 40  to  60  aflFected  every  year  out  of  2,000.  Many  other  Montana 
sheepmen,  according  to  Doctor  McClure  in  a  letter  of  October  15, 
1906,  claim  to  have  the  disease  in  their  flocks.  One  claims  to  have 
15  to  20  cases  some  years,  another  had  over  200  cases  among  10,000 
lambs  in  1905,  another  had  30  cases  among  4,000  lambs  in  1898,  an- 
other had  15  cases  among  1,500  bucks  in  1906,  and  others  had  a  few 
cases  each  year.  Doctor  McClure  states  that  he  has  met  sheepmen 
who  tell  him  that  when  they  recognize  an  animal  as  affected  with 
gid  they  forward  it  to  the  feeding  point  for  market  if  they  have  a 
shipment  about  that  time. 

Dr.  R.  H.  Treacy  of  this  Bureau  reports  under  date  of  June  5,  1907, 
a  list  of  11  flocks  in  Montana  where  gid,  shown  by  the  presence  of 
cysts  in  the  brain,  was  reported  by  Doctors  Stauffer,  Nutting,  and 
Cary.  According  to  Doctor  Treacy,  the  sheepmen  have  been  class- 
ing the  trouble  as  loco,  poison  weed,  water  on  the  brain,  grubs  in  the 
head,  etc.,  and  have  paid  no  attention  to  destroying  the  dead  ani- 
mals. This  fact,  together  with  the  statement  of  Doctor  Stauffer  in 
his  letter  of  February  25,  1908,  to  Doctor  Treacy,  that  certain  sheep- 
men would  not  subject  their  dogs  to  vermifuge  treatment  because 
they  were  using  the  dogs,  shows  a  condition  of  affairs  which  must 
make  for  the  spread  of  gid  in  Montana.     Two  other  factors  in  the 
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spread  of  gid  are  mentioned  by  Doctor  Gary  in  a  letter  to  Doctor 
Treacy  under  date  of  April  9,  1908.  One  is  the  habit  of  some  sheep- 
men picking  up  a  dog  wherever  they  can  find  one.  The  other  is  the 
'*  floater''  band,  or  wandering  band  of  sheep.  In  the  latter  connec- 
tion he  states: 

In  the  spring  of  1907  a  giddy  band  of  "floaters  "  from  Flatwillow  country  trailed  along 
the  northern  boundary  of  the  Crow  Reservation,  several  of  the  lambs  dying  as  they 
passed  through  the  Blue  Creek  country  9  miles  south  of  Billings,  and  I  believe  it  was 
through  this  band  that  the  Arthur  Milne  band  in  Blue  Creek  became  affected  this 
spring.  *  *  ♦  The  Milne  lambs  were  raised  in  the  Blue  Creek  country,  and  gid 
has  never  been  known  there  till  this  spring. 

A  discussion  of  the  existing  neglect  of  prophylactic  measures 
against  gid  in  the  western  part  of  the  United  States  has  been  given 
by  the  writer  in  a  bureau  article.     (See  Hall,  1910ar.) 

Specimens  of  Cosnurus  cerebralis  from  the  brains  of  giddy  sheep 
were  collected  by  Professor  Cooley  January  5,  1904,  Doctor  McClure 
in  May,  1906,  Doctor  Gary  April  20,  1907,  Doctor  Davison  December 
2i,  1907,  Doctor  Stauffer  in  January,  1908,  and  Doctor  Peck  July 
11,  1908. 

Doctor  Stauffer  also  furnished  a  map  of  Chouteau  County,  Mont., 
showing  the  distribution  of  gid  in  that  county.  Doctor  Treacy  has 
prepared  a  map  of  the  State  of  Montana  showing  the  distribution  of 
gid  in  that  State  during  the  spring  of  1908.  From  these  maps,  from 
correspondence,  and  from  information  obtained  during  a  personal 
investigation  of  gid  in  Montana  during  the  spring  of  1910,  the  map 
given  here  as  figure  1  has  been  compiled.  The  infected  areas  shown 
by  Doctor  Treacy  are  indicated  by  solid  blocks.  Other  infected  areas 
where  gid  has  occurred  at  some  time  during  the  period  from  1898  to 
1910,  inclusive,  are  indicated  by  hollow  blocks.  The  area  where  the 
continued  recurrence  of  gid  shows  that  the  range  is  infected  is  indi- 
cated by  shading.  This  area  is  400  miles  long  and  in  places  is  200 
miles  wide.  During  the  personal  investigation  referred  to  above, 
evidence  was  obtained  showing  that  cases  of  gid  occurring  outside  of 
the  infected  area  indicated  on  the  map  had  probably  been  imported 
from  the  infected  area.  It  will  be  seen  from  the  map  that  gid  has 
occurred  in  Teton,  Chouteau,  Valley,  Cascade,  Fergus,  Gallatin,  and 
Yellowstone  counties.  The  first  four  and  probably  northern  Dawson 
are  infected  ranges. 

Montana's  5,747,000  sheep,  representing,  according  to  the  Bureau 
of  Statistics  ^  of  the  United  States  Department  of  Agriculture,  a 
value  of  $24,137,000  on  January  1,  1910,  are  threatened  by  the  pres- 
ence of  a  disease  which  has  become  enzootic  over  a  large  part  of  the 

«Crop  Reporter,  U.  S.  Department  of  Agriculture,  vol.  12,  no.  2,  February,  1910. 
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State,  and  which  in  recent  years  has  exacted  toll  in  increasing  amounts 
from  the  flocks.  Such  a  condition  necessarily  exposes  the  flocks  of 
neighboring  States  to  the  danger  of  infection  carried  from  Montana 
by  dogs  or  possibly  by  wild  camivora  or  in  shipments  of  sheep.  In 
view  of  the  unsuccessful  efforts  of  European  countries  to  eradicate 
gid  in  over  half  a  century  of  educated  effort,  and  in  view  of  the  in- 
crease and  spread  of  the  disease  in  Montana  in  the  last  decade,  it  is 
to  be  hoped  that  the  importance  of  attempting  the  eradication  of 
this  disease  will  soon  be  realized. 

The  first  authentic  instance  of  gid  in  the  eastern  United  States 
occurred  in  1909,  and  the  first  account  of  it  was  given  by  Doctor  Law 
in  a  paper  read  before  the  New  York  State  Veterinary  Medical  Society 
in  August,  1909.  The  outbreak  was  reported  by  Taylor  and  Boynton 
(1910a),  who  found  it  in  a  flock  of  sheep  about  40  miles  from  Ithaca. 
They  discovered  the  gid  parasite  in  the  brain  and  claim  to  have 
raised  one  specimen  of  the  adult  tapeworm  in  a  dog  by  feeding  a 
CGBimrus  to  it.  They  believed  that  they  found  the  source  of  the 
disease  in  two  collies  imported  from  Scotland  to  the  farm  where 
the  disease  occurred.  The  adult  parasite  was  apparently  not  sought 
for  in  the  dogs.  In  a  footnote  they  state  that  Dr.  Charles  Linch 
investigated  an  outbreak  of  disease  among  sheep  in  New  York  iH 
the  spring  of  1909  and  reported  that  it  was  gid,  but  did  not  report 
finding  the  parasite. 

Melvin  (1910^-^)  has  called  attention  to  the  fact  that  Taylor  and 

Boynton  have  overlooked  a  number  of  articles  when  they  state: 

In  a  careful  aearch  of  the  literature  we  have  failed  to  find  any  authentic  report  of  a 
positively  identified  case  of  the  disease  having  appeared  in  the  United  States. 

Subsequently,  Taylor  and  Boynton  (1910/3)  have  modified  this 
statement,  making  it  refer  only  to  New  York  State. 

The  occurrence  of  certain,  probable,  and  doubtful  cases  of  gid  in 
the  United  States  is  indicated  in  the  following  tabular  statement. 


OCCUBBENCES  OF  OID  IN  IB£  X7NIIED  STATES. 
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List  of  occwrrences  of  MuUicepa  multiceps  recorded  from  the  United  Staiei, 


LocaUty. 

Author. 

Date. 

Notes  and  comments. 

New  York  (?) 

Livingston.. 
Leldy 

1809b 

Three  cases;  probably  meningitis,  not 

gid. 
Parasite  observed;  place  not  stated. 
Do. 

United  States  (?) 

18R6aandb.... 
1870b 

Do 

McClure 

United  States 

Verrill 

1870d 

States  that  gld  eecurs  In  United  States. 
Do. 

N^w   York   and   (4«a- 

Tellor 

1879a 

where. 
Tennessee ...  ., 

Crutchfleld.. 
Stewart 

1880b 

Claims  to  have  lost  sheep  from  gld:  no 
symptoms  or  post-mortem  records. 

Sutes  that  gld  oooors  In  United  States. 

Claims  to  have  cured,  but  not  seen  gld. 

States  that  gld  ocnirs  in  United  States. 

Adult  from  dog;  Curtice  doubts  cor- 
rectness; I  fbid  It  incorrect. 

Imported  Shropshire;  symptoms  and 
post-mortem  indicate  gld. 

Onecas^;  characteristic  symptoms. 
Adult  from  dog:  Stiles  (1898a).  on  ex- 

United  States 

188Qa 

Eastern  United  States . . 

Powers. 

1887o 

United  States 

Curtice 

1890c 

Colorado 

. . . , , do. .......     --  

1892k 

United  States 

Veterinary 
American 
Breeder. 

do 

editor. 
Sheep 

.      •     .      - 

1895a 

Do 

18955 

Nebraska. 

Ward 

1896D 

United  States 

Veterinary 
American 
Breeder. 

Knowles. . . . 

editor. 
Sheep 



1897^ 

amlnation,  makes  this    T.  arrialia. 
Accepted  by  Ward  (1897b)  from  cor- 
respondence. 
One  case;  characteristic  symptoms. 

Notes  inquiries  in  regard  to  gld.    Di. 

Knowles  saw  cases  In  1897. 
Onn  CA^  In  honw  under  ^\c\n\  Stiles 

Montana 

1897a 

Minnesota 

StUes 

1898a 

lova 

Wallace 

1900a 

thinks  this  may  be  C.  MeriaUa:  doubt- 
ful; case  previously  noted  by  Rallliet 
(1893a)  from  correspondenoe. 
One  case;  symptoms  not  characteristic. 
States  that  gld  occurs  in  United  States. 
Several   cases;  svmptom.s   and   post- 
States  that  gld  occurs  In  United  States; 

Mfni|Af|nta 

Shaw 

1901a 

Montana. . .            

Veterinary 
American 
Breeder. 

do 

editor, 
Sheep 

1901randd.... 
190W 

CJolorodo 

United  States. 

do. 

190W 

Curtice  wrongly  quoted  as  authority. 
Seven  cases  operated  on  by  author. 
One  case;  characteristic  symptoms. 

Several    cases;  symptoms    and    post- 

"Hnnls...  

Veterinary    editor, 
American     S  h  e  p  - 
herd'^BuUethi. 

Veterinary       editor, 
American       Sheep 
Breeder. 
do 

190ai 

Nevada. 

1908a 

19035 

mortem  show  gld  unmistakably. 
Several  cases;  characteristic  symptoms. 

Iowa 

do 

1903r 

One  case;  characteristic  symptoms. 
States  that  gld  occurs  in  United  States. 

Veterinary    editor, 
American     8  h  e  p  - 
herd's  Bulletin. 

do. 

1903a 

Minhtean 

190^ 

Two    imported    rams;  characteristic 

symptoms. 
One  case;  "bag  of  water"  on  brain. 
Several  cases  in  1904;  parasite  found 

United  States 

.....do 

1903r 

Montana. ...    .  

1906d 

Missouri 

Veterinary 
American 
Breeder. 

....  do 

editor, 
Sheep 

1906a 

and  studied. 
Several  cases;  characteristic  symptoms. 

Kmvmff.  ■ .         

1906^ 

Several  cases;  symptoms  not  character- 
istic. 

Two  cases;  symptoms  and  post-mor- 
tems show  gld;  had  lost  sheep  thus 
before. 

Few  cases;  symptonts  not  characteristic. 

States  that  eld  occurs  in  United  States: 

Ohio 

do 

1906r 

Colorado 

do 

igosa 

United  States 

1905f  

Indian  Territory 

do 

1905C 

in  answer  to  some  letters. 

Several  cases;  symptoms  and  post- 
mortems show  gld. 

States  that  gld  occurs  in  United  States. 
Do. 

Missouri 

Luckey . . 

1908a 

United  States 

Veterinary 
American 
Breeder. 

do 

editor, 
Sheep 

1908d 

Iowa 

1908^ 

One  case;  symptoms  not  characteristic. 
Two  natural  and  one  experimental  In- 

Montana  and  Washing- 

Hall 

1909b 

ton,  D.  a  * 
New  York- 

Taylor  and 
Hall 

Boynton. 

1910b 

fections;  first  record  in  this  country 
of  adult  worm  produced  by  feeding 
larva. 

Several  cases;  svmptoms  and  post- 
mortem show  gld. 

This  article. 

Montana 

1910^ 
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The  following  list  of  cases  occurring  in  the  United  States  and  not 
previously  recorded  is  compiled  from  correspondence  as  given: 

List  of  occurrences  of  MulHceps  multiceps  in  the  United  States  recorded  here  for  the  first  time. 


Locality. 


Shelby,  Mont. 


Chouteau    County, 
Mont. 
Do 


Do 

Sunnyside,       Cascade 

County,  Mont. 
Zortman,       Chouteau 

County.  Mont 

Phillips,  Mont 

Ohio 


Montana 

Rothiemay,  Mont. 
Chouteau,  Mont... 


FlatwiUow      country, 

Fergus  County,  Mont. 
Swimming    Woman 

country,      Fergus 

County,  Mont. 
Yellowstone    County, 

Mont 
Chinook,  Mont 


Saco,  Mont 

Cut  Bank,  Mont 

Chouteau    County, 
Mont. 

Dupuyer,  Mont 

Huntley,  Mont 

Rothiemay,  Mont 

South  Dakota 


Teton  County,  Mont. 
Sage  Creek,  Mont 


Letter. 


Bear  Paw  Mountains, 
Mont. 

Benton,  Mont 

Virgelle,  Mont , 

Chinook,  Mont 

Billings,  Mont 


Swimming  Woman 
country,  FlatwiUow 
country,  Musselshell 
country,  Custer  Sta- 
tion, and  Blue  Creek 
country. 

Conrad.  Mont... 


Fort  Benton,  Mont. 


Qildford,       Chouteau 

County,  Mont. 
Willow  Springs,  Mo.... 

Waverly,  Iowa 


Dr.  McClure  to  Dr.  Melvin, 
July  18, 1906. 

Dr.  McClure  to  Dr.  Melvin, 

Sept.  3. 1906. 
Dr.  McClure  to  Dr.  Melvin, 

Oct  15, 1906. 

do 

do 


.do. 
.do. 


Dr.  Ransom  to  Dr.  MoClure, 
Oct  24, 1906. 

Dr.  McClure  to  Dr.  Melvin, 

Dec.  5,  1906. 
Dr.   Caiv   to   Dr.   Treacy, 

Apr.  20. 1907. 
Dr.  Nutting  to  Dr.  Treacy, 

April,  IW7. 
Dr.   Gary   to   Dr.   Treacy, 

May  21, 1907. 
do 


Notes  and  dates. 


.do. 


Dr.  McClure  to  Dr.  Melvin, 
June  5, 1907. 


...do. 
...do. 
...do. 


.do. 
.do. 
.do. 


Dr.  Ransom  to  Dr.  Hick- 
man, July  2, 1907. 

Dr.  Davison  to  Dr.  Melvin, 
Dec.  21. 1907. 

Dr.  Stauffer  to  Dr.  Treacy, 
Feb.  25, 1908. 

....do 


.do. 
.do. 
.do. 


Roy  Stebblns  to  Dr.  &elvin, 

Feb.  27, 1908. 
Dr.  Cary  to    Dr.   Treacy, 

Apr.  9, 1908. 


Dr.    Peck   to   Dr.   Melvin, 

July  8, 1908. 
Dr.    Peck  to  Dr.   Melvin, 

July  13, 1908. 
Dr.  Stauffer  to  Dr.  Melvin, 

Feb.  6,  1909. 
Dr.  Luckey  to  the  writer, 

July  21, 1909. 
Dr.  McHenry  to  Dr.  Melvin, 

June  14, 1910. 


Sun  River  Land  and  Live  Stock  Co.:  250  out  of 
10,000;  1906;  1  case  shipped  to  Washington, 
D.  C,  died  en  route. 

Cowell  flock;  40  to  60  out  of  2,000;  many  years. 

Cowell  flock;  15  to  30  cases;  almost  every  year. 

McDonald  flock;  15  to  20  cases  some  years. 

Sun  River  Land  and  Live  Stock  Co.;  200  out  of  i 

10,000;  1905. 
Whitcomb  flock;  30  out  of  4,000;  1808. 

Phillips  flock;  15  out  of  15,000;  1906. 
Rambouillet  sheepmen  claim  to  have  had  several 

cases  in  imported  and  at  least  one  case  in  native 

sheep. 
Phillips  flock;  2  or  3  at  date  of  writing. 

Pirrie  flock;  260  to  300;  1907;  parasite  found  In  8 

of  4  examined. 
McDonald  flock;  125  dead  at  date  of  writing. 

Infected  country;  1907. 

Do. 


Sheep  from   FlatwiUow  country  and  probably 

Infected  there. 
In  Blackwood,  Taylor,  Sprinkle,  Sprinkle  Bros., 

and    McCann    flocks;  1907;  reported    by    Dr. 

Stauffer. 
RIeder  flock;  1907;  reported  by  Dr.  Stauffer. 
Town  flock;  1907;  reported  by  Dr.  Stauffer. 
McDonald  flock;  1907;  reported  by  Dr.  Nutting. 

Leech  flock;  1907;  reported  by  Dr.  Nutting. 
Green  flock;  1907;  reported  by  Dr.  Cary. 
Pirrie  flock;  1907;  reported  by  Dr.  Cary. 
One  case  in  Imported  ram. 

McDonald  flock;  several  cases  at  date  of  writing; 
parasite  found;  10  per  cent  lost  the  winter  before. 
Sprague  and  Lavid  flocks;  1908. 

L.  Sprinkle,  C.  Sprinkle,  and  Taylor  flocks;  1907 

and  1906. 
Northwestern  Live  Stock  Co.;  1906. 
Blankenbaker  flock;  1906. 
One  case;  1907. 
Ewes  affected;  not  clearly  gid. 

Most  of  these  giddy  bands  seem  to  have  originated 
in  the  FlatwiUow  country. 


One  sheep  shipped  to  Washington,  D.  C. 

Parasite  forwarded  to  Washington,  D.  C. 

Two  sheep  shipped  to  Washington,  D.  C. 

Symptoms  of  gid  in  goats;  date  not  given. 

Two  cases,  one  showing  cyst  on  post-mortem  ex- 
amination. 


Some  discrepancies  will  be  noted  in  the  above  figures.  No 
attempt  has  been  made  to  ascertain  which  are  correct.  Dates  of 
occurrences  must  also  be  taken  with  some  regard  for  the  fact  that 
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a  record  of  gid  by  one  or  more  observers  as  occurring  in  two  consec- 
utive years  may  not  necessarily  be  a  record  of  two  outbreaks  but 
merely  a  record  of  one  outbreak  running  through  the  winter  of  one 
year  into  the  spring  of  the  following  year. 

Giddy  sheep  have  been  sent  in  to  this  laboratory  from  Montana 
on  four  occasions,  two  sheep  being  sent  in  May,  1907;  one  in  July, 
1908;  two,  already  noted  as  recorded  by  Hall  (1909af),  in  February, 
1909;  and  one  in  May,  1910.  In  an  earUer  shipment  in  July,  1906, 
the  one  sheep  sent  died  en  route. 

Both  the  adult  and  larval  MvUiceps  mvMcepa  have  been  pro- 
duced in  this  laboratory  at  Washington,  D.  C,  and  at  Bethesda, 
Md.,  by  feeding  experiments  in  cases  other  than  those  noted  by  Hall 
(1909a)  in  an  earUer  paper. 

From  the  foregoing  it  seems  certain  that  the  gid  parasite  was 
observed  in  this  country  at  least  as  early  as  1901.  It  does  not 
seem  hkely  that  the  many  claims  made  for  its  occurrence  earUer  than 
this  are  entirely  tmfounded.  During  an  investigation  of  gid  in  Mon- 
tana in  the  spring  of  1910,  the  writer  met  a  number  of  sheepmen 
who  claimed  to  have  had  their  first  losses  from  gid  some  time  between 
the  years  1885  and  1890.  These  men  have  been  acquainted  with  the 
disease  ever  since  and  still  have  it  in  their  flocks,  so  that  there  is  no 
reasonable  doubt  as  to  gid  having  occurred  in  this  country  previous 
to  1890.     Certainly  it  now  has  a  foothold  in  this  country. 

GID   IN   CANADA. 

The  presence  of  gid  in  either  the  United  States  or  in  Canada  must 
necessarily  be  of  interest  to  the  other  of  the  two  countries,  owing  to 
the  possibihty  of  the  disease  being  carried  across  the  border  by  dogs 
or  wild  camivora  or  in  shipments  of  sheep.  In  the  course  of  a  corre- 
spondence with  this  Bureau  relative  to  gid.  Dr.  J.  G.  Rutherford, 
the  veterinary  director-general  of  Canada,  imdertook  to  find  out 
whether  gid  had  been  imported  into  Canada  by  making  inqidry  of 
sheep  breeders  and  dealers.  From  a  synoptical  statement  of  the 
replies  made  by  thirteen  dealers  it  appears  that  eleven  have  never 
seen  the  disease  in  their  flocks,  and  Doctor  Rutherford  himself 
states,  in  a  letter  of  October  8,  1909; 

During  many  years'  practice,  I  have,  personaUy,  never  seen  the  disease  in  Canada, 
although  1  was  quite  familiar  with  it  in  Scotland  when  a  young  man.  1  have  never 
heard  the  disease  mentioned  by  Canadian  veterinarians,  although,  as  you  are  aware, 
this  is  no  proof  of  its  nonexistence  in  the  country,  as  the  members  of  our  profession 
are  seldom  called  upon  to  treat  sheep. 

Of  the  two  dealers  who  had  seen  the  disease,  F.  H.  Neil,  of  Lucan, 
Ontario,  ''has  had  no  trouble  with  gid  parasite  for  a  number  of 
years.  Has  seen  some  flocks  affected  in  both  Canada  and  the 
United  States,  but  does  not  specify  where." 
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The  other  dealer,  J.  H.  Patrick,  of  Ilderton,  Ontario,  ''has  had  no 
trouble  with  this  parasite  the  last  few  years ;  previously  when  impcwrt- 
ing  sheep  in  large  numbers  experienced  considerable  loss,  which  he 
attributed  to  this  cause." 

From  a  scientific  standpoint,  the  data  given  above  do  not 
justify  a  positive  record  of  the  gid  parasite  from  Canada,  and  if  the 
disease  exists  there  at  all  it  seems  from  the  above  evidence  to  be 
comparatively  unimportant.  At  the  same  time,  the  presence  of  gid 
in  northern  Montana  would  constitute  a  ready  source  of  iofection 
for  sheep  in  Canadian  territory. 
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In  compiling  the  following  list  of  hosts,  an  attempt  has  been 
made  to  put  them  on  an  objective  basis  so  far  as  possible.  A  list  of 
certain  or  probable  hosts  has  been  compiled  for  those  cases  where 
MuUiceps  mvMceps,  or  what  appears  to  have  been  M.  mvUiceps, 
has  been  found  at  least  once  in  the  host  in  question.  A  list  of  erro- 
neous records  has  been  compiled  for  cases  where  there  is  certainly 
an  error  in  the  record  or  in  the  finding.  A  third  list  of  doubtful 
forms  seems  to  be  the  only  proper  place  for  cases  where  the  evidence 
is  inadequate  for  the  acceptance  or  rejection  of  the  record. 

hx  the  first  list  given  below,  only  those  records  of  occurrences  in 
sheep  and  cattle  which  are  of  historic  interest  or  which  show  geo- 
graphic or  time  distribution  are  given>  as  the  former  are  the  usual 
and  the  latter  the  very  common  hosts  of  the  parasite.  In  the  other 
cases  there  are  included  only  those  where  the  presence  of  a  coenurus 
has  been  shown  at  least  once  for  that  host,  assuming  it  as  probable 
from  the  evidence  at  hand  that  the  coenurus  in  question  was  MvMceps 
muUiceps. 

List  of  certain  or  probable  occurrences  of  the  larval  Multiceps  muliiceps. 


Host. 


Loc>ality. 


Sheep.. 
Ooat... 
Bbeep.. 
Do. 
Cattle.. 
Sheep.. 
Cattb.. 

Do. 

Sheep. . 

Do. 


Do.. 
Cattle... 
Sheep... 
rattle... 
Chamois. 
Sheep... 


Cattle 

African  antelojje. 


(Jreecje 

....do , 

(lermany.... 
Switzerland. , 

do 

(lermany 

Germany  (T). 


"Berovla"... 
"GurtwilUuj". 
Germany.... 


.do. 


Italy 

do... 

(jermany. 

do... 

Alps 

England. 


do.... 

Not  given. 


Authority. 


Hippocrates  182Sa. 

do , 

Kolfinck  ir>5(ia . . . 

Wepfer  l(i58a 

do 

Scultetus  1072a..., 
Bninner  16040.... 


Wepfer  1724a. 
Leske  1780a. . 
Goeze  1780a. . 


Fontana  1784a  . 
do 

Schrank  1788a.. 

do 

Uetzius  179()a  . . 
Moorcroft  1792a 

do 

Rudolph!  lima 


Notes  and  comments. 


Probable  cases  4(M>-375  B.  C. 
Do. 


Date  of  first  certain  case  1634. 
According     to     Kflchenmeister 

(1880a). 


First  recognized  as  a  cestode  para- 
site. 

Independently  recognized  as  a  par- 
asite. 


At  least  one  case. 

Claimed  to  occur  In  France  and 
Italy  also. 

Accepted  here  on  basis  of  subse- 
quent findings. 
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Ho0t. 


Sh68p.  .  . 

Hone. . . 

Do.. 

Chamois. 

SlMep... 


Do. 
HofM.. 


Do 

St  Domingo  goat. 


Sheep... 

Do.'! 
Goat.... 
Ifouflon. 
Hone... 
Sheep. . . 


Do. 


Angora  goat. 

Sheep 

Antelope..., 

boat , 

mieep.  .....< 

Cattle.'."'.'! 
Sheep 


Horse. 

Sheep. 
Qoat.. 


aazelle. 
Sheep.. 


Do. 


Oaselle     {AiUUape 

dorau). 
Hone 


Sheep. 

Cattle. 
Sheep. 


Cattle. . . 
Do.. 
Chamois. 
Sheep . . . 
Sheep... 


Antek^w    (BubaUt 

*p.). 
Sheep 


Sheep. 


Hipvalmpu     equi- 


Sheep. 


Do. 
Goat... 


Cov, 


Locality. 


France 

France 


.do. 


a) 


England. 
do... 


Germany , 

Austria 

Ireland , , 

Germany , 

Montpelier.  France. . , 

iloUand 


.do. 


Kempton,  [Bavaria?]. 
Germany 

(T) 

Scotland 

France 

do 

Alfort,  France 


Vienna,  Austria. . 


Germany 

Toulouse,  France. 


....do.... 
Warschau. 


Germany. 


.do. 


Pruflsia. 
Iceland. 


do... 

Denmark . 


....do 

England , 

Germany , 

Vienna,  Austria. . 
Germany 


Lyon,  France.. 


South  AnatraUa. 

Sardinia 

Culm,  Germany. 


Buenoa  Ayres,  Argen- 
tine Republic. 
Germany 


Montana,  U.  8. 

New  Zealand . . 
Cape  Colony . . . 


.do. 


Authority. 


ISlQa 

Bousset  1822a 

Hofeckerl«23« 

De  Blainville  1824a. 
Yvart  1827a 


Dupay  1831a... 
Frenzel(Dater) 

Yooatt  1834b... 


Yooalt  18360. 


Fiuskal  1844a.... 

do 

Bellingham  1844a. 
Klencke  1844a. . . . 

Gervais  1847b 

Ammon(?) 

8t5rig(Date?).... 


Numan  1850b. 


do 

Hering  1852a 

Hagmaler  1853a 

Jacques  and  Lafoase 
1854b. 

do 

McCall  1867a 

Reynal  1857a. 

do 

Valenciennes  1857a 


Spinola  1858b. 

....do 

Baillet  1859b. 


do 

I.«el8ering  1850a. 

Leisering  1862a. 


do. 


Esse  et  al.  1863a:  Kel- 

per  et  al.  1864.a 
Erabbel864h 


.do. 
.do. 


do 

Cooper  I8(i5a 

Frauenfeld  1868a. 

Bunion  1874a 

Mttller  1877a 


Bertolus  and    Chau- 
veau  1879a. 

Dixon  1883a 

Parona  1884a 

Schwanef^id  1885a.... 


Wernicke  1886a. 
Rabe  1888a 


Vet.  Ed.  Amer.  Sheep 
Breeder  1901  rand  3. 

Gllruth  1902a , 

Buckley  1904a 


Robinson  1905a. 


Notes  and  comments. 


According  to  Gurlt  (1831a). 
According  to  Numan  (1850h}. 

First  record  from  spinal  caaal,  ao- 

cordine  to  Braun  (1804a). 
From  spinal  canal. 
According  to  Gurlt  (1831a)  and 

Numan  (1850b). 
"Hydatid''  in  septum  lucidum; 

symptoms  given. 
"Hydatid"  considered  here  as  coe- 

nurus  on   basis  of  subsequent 

findings. 
IndefinitiB  number  of  spinal 


One  case. 

According  to  Numan  (1860b). 

Found  it  twice  In  the  medulla  ob- 
longata, according  to  Numan 
(1850b). 

Among  others,  one  had  ooenunu 
In  cerebrum,  medulla  oblongata, 
and  in  spinal  cord. 

Coenunis  is  figured. 

Occurred  in  1860-^51. 

In  spinal  canal. 


In  spinal  cord  and  brain;  sent  by 
Deiafond. 

In  spinal  cord;  specimen  in  veteri- 
nary school. 

In  spmal  cord. 

One  certain  and  1  possible  infection 
of  4  experiment  animals. 

Eichler's  subcutaneous  specimen; 

found  to  be  coenurus  by  Bichler, 

I^serlng.  and  Zenker. 
Von      Nathufiius'     subcutaneous 

specimen;     Eichler's    specimen 

noted  again. 
One  case  in  a  zoological  park. 

One  case;  accented  on  symptoms 

and  in  view  or  other  cases. 
Disease  often  seen  here;   accepted 

on    Krabbe's   finding  of  adult 

worm  in  dogs. 
Rare;  accepted  as  above. 
Claimed    to   occur;     accepted   as 

above. 
Do. 
Three  cases. 

Do. 
Several  spinal  cases  seen  by  R611. 
One  ease  with  ccpnurus  in  spinal 

cord;  1  in  medulla  oblongata. 
Host  from  Africa. 


Contained  one^ixteenth  of  a  liter 
of  fluid. 


Host  from  South  Africa;  in  brain, 
thyroid,  lymph  glands,  and  mus- 
culature. 

Accepted  on  symptoms  and  post- 
mortem findings. 

Several  cases:   accepted  on  symp- 
toms and  post-mortem  findings. 
One  case. 
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List  of  certain  or  probable  occurrences  of  the  lanxd  MuUiceps  multiceps — Continued. 


Host. 

Locality. 

Authority. 

Motas  and  comments. 

Cattle 

France 

Leblanc  and    Freger 

1907a. 
Roth  1007c 

One  case. 

Chamois 

Qermany 

Do. 

Cattle 

EnFlfUin , 

Pollock  1908a 

Horse 

Shetland 

White  1909a 

One  case;   symptoms  of  gid  and 

Cow 

Germany 

Pfeb  1909a 

recovery  of  parasite  by  operation. 
The  only  record  found  of  the  para* 

Sheep 

England 

Lloyd  1909a 

site  from  the  vertebral  canal  in 
this  host. 

Cattle 

Italy 

VIcariotto  1909a 

Hall  1909tt 

» 

Sheep 

Montana  and  Wash- 
ington, D.  C. 
Missouri,  U.  8 

Germany 

Goat 

Doctor  Luckey  in  let- 
ter of  July  21, 1909. 
Borstelmann  1910a 

Pfabl91Qb 

From  personal  correspondence  witii 

Cow 

Doctor  Luckey  already  noted. 

Bladderworm  the  size  oi  pigeon  eeg 
in  medulla  oblongata;  probably 
M.  muUicepa  from  size  and  loca- 
tion. 

Fifty-eight  operations  from  1903  to 
1909,  inclusive;  additional  cysts 
found  in  the  medulla  oblongata 
in  3  cases. 

Cattle 

do 

SheeD 

German     Southwest 
Africa. 

Scheben  1910a 

A  reference  by  title  only  to  an  article  by  Gough  (1909b)  on  "  A  Coenurus  in  the  Duiker"  can  not  be  veri- 
fied at  this  time,  as  the  article  is  not  yet  available.  The  article  is  referred  to  here  on  the  likelihood  of  a 
coenurus  from  the  duiker  antelope  being  the  gid  parasite. 

In  the  foregoing  list  the  sheep,  cow,  goat,  horse,  chamois,  mouflon, 
gazelle,  and  some  antelope  forms — given  as  antelope,  African  ante- 
lope, Buhalis  sp.  and  Ilippotragus  equinus  (?) — are  accepted  as  hosts 
of  Multiceps  muUiceps. 

The  parasite  is  recorded  from  sheep  in  Greece,  Germany,  Switzer- 
land, England,  France,  Italy,  Ireland,  Holland,  Scotland,  Austria, 
Denmark,  Iceland,  Argentine  Republic,  Sardinia,  South  Australia, 
New  Zealand,  German  Southwest  Africa,  and  the  United  States.  Its 
presence  is  claimed  or  implied,  by  local  names  for  gid  or  otherwise, 
in  Hungary  by  Kuchenmeister(1853e)  and  Cobbold  (1867o),  in  Cape 
Colony  by  Hellier  (1894a)  and  Hutcheon  (1904^),  in  Chile  and  Spain 
by  Monfallet  (1899a),  and  in  Shetland  by  White  (1909a'). 

It  is  recorded  from  cattle  in  Switzerland,  Germany,  England,  Italy, 
France,  Iceland,  Denmark,  and  Cape  Colony. 

It  is  recorded  and  figured  from  the  goat  in  Holland  by  Numan 
(1850b);  it  was  experimentally  produced  in  this  host  in  France  at 
least  once  and  possibly  twice  by  Baillet  (1859b);  the  characteristic 
symptoms  and  post-mortem  findings  are  recorded  for  several  cases 
in  Cape  Colony  by  Buckley  (1904 or);  and  on  the  strength  of  these 
records  the  following  have  been  accepted:  Jacques  and  Lafosse's 
(1854b)  case,  Youatt's  (1836^')  "hydatid''  from  the  brain  of  a  goat 
with  symptoms  of  gid,  Klencke's  (1844a)  record  from  Germany, 
IIippocratcs's(1825(T)  necessarily  uncertain  record  from  Greece,  and 
Doctor  Luckey 's  cases  recorded  here  from  the  United  States. 
Klencke  claims  to  have  produced  the  coenurus  by  an  absurd  inocula- 
tion experiment,  but  this  host  record  may  be  accepted  in  view  of 
the  possibility  that  he  inoculated  a  goat  already  infected  with  gid. 
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Doctor  Luckey's  cases  are  accepted  on  the  objective  grounds  that  the 
cases  seemed  to  be  gid  and  that  the  parasite  is  known  from  that  host 
and  has  been  found  in  this  country.  Bailiet  (1859b)  says  that  gid 
has  often  been  seen  in  goats  by  veterinarians,  but  does  not  add  any 
particulars. 

Spinola  (1858b)  states  that  the  veterinary  school  at  Vienna  had  a 
specimen  of  the  gid  parasite  taken  from  the  spinal  cord  of  a  horse. 
Esse  and  his  associates  (1863nr)  and  Keiper  and  his  associates  (1863nr 
and  1864a)  found  a  parasite  in  the  brain  of  a  horse  in  Prussia,  and  on 
the  strength  of  the  symptoms  concluded  that  it  was  a  coenurus,  but 
they  apparently  did  not  study  the  parasite  to  see  what  it  was. 
Schwanefeld  (1885a)  states  that  he  found  a  coenurus  containing 
one-sixteenth  of  a  liter  of  fluid  in  the  brain  of  a  horse  in  Germany. 
Youatt  (1834/?)  saw  a  horse  that  showed  symptoms  of  staggering; 
post-mortem  examination  disclosed  a  "hydatid"  in  the  septum 
lucidum.  White  ( 1909a)  operated  on  a  horse  that  showed  symptoms 
of  gid  and  extracted  a  cyst  from  the  brain.  On  the  combined  evi- 
dence the  above  cases  are  accepted,  as  well  as  those  of  Ammon, 
Bousset,  Frenzel,  and  Hofacker  as  given  by  Gurlt  ( 1831a)  and  Numan 
(1850b),  which  cases  are  covered  in  articles  not  at  present  availaole. 

Multiceps  muUiceps  is  recorded  from  the  chamois  in  Switzerland 
by  Retzius  (1790a),  in  France  by  De  Blainville  (1824a),  in  three 
cases  in  Germany  by  Frauenfeld  (1868a),  and  in  one  case  by  Roth 
(1907c),  a  total  of  six  cases.  Frauenfeld  also  states  that  the  royal 
head  forester  had  noted  several  cases  of  gid  in  the  chamois  and  that 
the  disease  is  well  known  to  old  chamois  hunters. 

The  parasite  has  been  found  in  the  gazelle  in  France  by  Bailiet 
(1859b)  and  in  Germany  by  Leisering  (1862a). 

It  has  been  found  in  the  antelope  by  Jacques  and  Lafosse  ( 1854b),  in 
Hippotragus  equinus  (?)  by  Rabe(  1889a) ,  in  BubaXis  sp.  by  Bertolus  and 
CJhauveau  (1879a),  and  in  an  African  antelope  by  Rudolphi  (1808a). 

In  Rabe's  case  the  host  had  only  been  in  Germany  fourteen  days 
after  its  arrival  from  Africa,  and  Leisering's  host  animal  was  from  a 
zoological  park;  the  host  noted  by  Bertolus  and  Chauveau  had  been 
shipped  from  Africa  to  France,  and  Rudolphi's  antelope  is  specified 
as  African.  Gough's  (1909a)  coenurus,  alluded  to  on  page  32  is 
another  case  of  a  coenurus  in  an  African  antelope.  These  facts 
seem  to  indicate  that  the  gid  parasite  is  not  uncommon  among 
the  BovidsB  of  Africa.  Nor  is  this  an  unreasonable  supposition. 
Varieties  of  native  sheep  and  species  of  antelope  are  so  distributed 
throughout  Asia,  Africa,  and  Europe  that  there  is  practically  no 
break  in  the  geographic  distribution  of  host  species  between  the 
European  countries  known  to  be  infected  and  the  Cape  of  Good  Hope, 
where  it  appears  from  the  records  of  Hellier  (1894a),  Buckley  ( 1904 cr), 
Robinson  (1905a),   and  Robertson  (1908nr)    that  the   disease   also 
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exists.  The  transmission  of  the  parasite  across  this  area,  if  indeed 
it  was  not  originally  distributed  from  Egypt,  or  the  valley  of  the 
Euphrates,  would  be  a  simple  matter  for  the  flocks  of  nomadic  shq>- 
herds  or  individual  hosts  of  the  adult  or  larval  parasite.  Scheben 
(1910^)  states  that  gid  is  a  trouble  of  long  standing  in  German 
Southwest  Africa.  The  increasing  interest  in  the  parasite  fauna  of 
Africa  ought  to  result  in  additional  light  being  thrown  on  this  subject. 

MuUiceps  muUiceps  has  been  recorded  once  from  the  mouflon  in 
France  by  Gervais  (1847b).  Schrank's  (1788a)  statement  that  it 
occurs  in  the  mouflon  is  without  any  record  of  authority  or  of  per^ 
sonal  observation. 

The  above  list  shows  records  of  the  occurrence  of  MvJticeps  muUiceps 
more  than  eight  times  in  the  spinal  cord  of  sheep,  in  one  case  with  a 
simultaneous  infection  of  the  brain,  and  in  one  case  with  simultan^ 
ous  infection  of  the  brain,  and  medulla  oblongata.  The  parasite  is 
twice  recorded  from  the  medulla  oblongata  alone  in  the  sheep  with  a 
total  of  three  cases.  It  must  be  much  more  common  in  these  loca- 
tions than  records,  of  cases  show,  as  Frenzel  (1794a)  stated  over  a 
century  ago  that  the  parasite  occurs  in  the  brain,  medulla  oblongata, 
and  spinal  cord.  It  is  recorded  from  the  subcutaneous  tissue  of  the 
sheep  twice,  from  the  spinal  cord  of  the  horse  once,  from  the  spinal 
cord  of  the  cow  once,  from  the  medulla  oblongata  of  the  cow  four 
times,  and  from  the  brain,  thyroid,  lymph  glands,  and  musculature 
of  the  gazelle  once. 

If  from  the  above  list  of  certain  and  probable  occurrences  there  were 
selected  those  cases  where  it  is  certain  that  the  parasite  was  MuUiceps 
muUiceps  J  on  the  basis  of  description,  figures,  and  feeding  experiments, 
the  certain  hosts  would  be  limited  to  the  sheep,  cow,  and  goat. 

In  the  following  list  are  shown  those  cases  where  a  record  is  based 
on  data  which  I  regard  as  inadequate,  or  where  the  author  himself 
has  considered  the  case  doubtful,  or  where  both  these  things  are  true: 

List  of  doubtful  cases  of  the  occurrence  of  the  larval  MuUiceps  muUiceps. 


IlOt't. 


Locality. 


Reindeer     (Orrrtu  .  Lapland 
tarandus). 


GIralTe       ( Camtlo- 

pardalin  girajffa). 
Horse 


Not  given. 


Authority. 


Notes  and  comments. 


Hoffberg  1759a 

Rudolph!  1804a,  ISiOa. 


Do. 


do RudoIphJl808a. 

I 

.do Gurlt  lR31a 


Roe    deer    ( Cervus 

eapreoiui). 
Bhecp 

Pig 

Horse 

Dog 


.do. 


(lermany 

Finland 

Unlteil  States. 
Italy 


Barthelcmy  IK^Qa. 

Jacob!  iw2a 

Kolnter  IWUa...   . 
Still's  I  WISH  .     .. 
(hii'rrinl  mnu  ... 


Symptoms  resemble  gid;   so  aooepted 
'by  Braun  (1894a). 


Statement  that  hydatids  are  rare  in  the 

brain  of  the  horse. 
Rrnin  and  .spinal  cord. 
Mere  slatemeni;   accepted  by  Diesing 

(Is.V)a). 
Entire  (lock  afllicted  with  spinal  gid. 
In  heart. 
Siibcutnnpous. 
<iivcn  in  list  of  museum  specimens. 


The  above  list  shows  that  it  is  doubtful  whether  the  reindeer, 
giraffe,  roe  deer,  pig,  and  dog  can  be  considered  as  hosts  of  MuUiceps 
muUiceps, 
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In  the  historical  sketch  (p.  10)  the  necessity  for  considering  the  rein- 
deer a  doubtful  host  of  MuUicepa  muUicepa  has  already  been  shown. 
It  is  true  that  Diesing  (1850a)  lists  the  parasite  from  this  host,  credit- 
ing the  observation  to  Retzius,  but  as  a  matter  of  fact  Retzius  (1790a) 
lists  the  parasite  from  Capra  rupicapra,  the  chamois,  and  not  from 
the  reindeer. 

Budolphi  (1804a)  states  that  in  conversation  with  Le  Vaillant,  the 
latter  told  him  that  he  had  found  worms  in  the  brain  of  the  gazelle 
and  the  giraffe.  Later,  Rudolphi  (1810a)  lists  these  as  ^'  Woenurus 
cerebralis^^  from  the  gazelle,  and  '^  Wcenvrus^^  from  CamdopardcUis 
giraffa,  showing  that  he  himself  felt  very  doubtful  of  this  last  case. 
In  view  of  the  fact  that  no  one  has  previously  or  since  recorded  a 
coenurus  from  this  host,  and  that  Rudolphi  (1819a)  later  omits  the 
giraffe  from  his  list  of  hosts  of  this  parasite,  and  in  view  of  the  fact 
that  the  giraffe's  habit  of  feeding  largely  on  high-growing  foUage 
renders  it  little  likely  to  have  its  food  contaaninated  by  the  feces  of 
the  known  hosts  of  the  adult  MuUicepa  muUiceps,  we  must  consider 
this  record  of  Le  Vaillant's  finding  very  doubtful. 

Rudolphi's  (1808a)  bare  statement  that  hydatids  in  the  brain  of 
the  horse  were  rare,  together  with  his  failure  to  list  his  Coenurus  cere- 
iraMs  from  this  host  in  his  later  work  of  1810,  leaves  it  extremely 
doubtful  whether  he  knew  of  any  cases  of  the  occurrence  of  C.  cere- 
hralis  in  this  host. 

Gurlt  (1831a),  in  a  hst  of  hosts  of  Mviticeps  multicepSy  lists  it  from 
the  horse,  specifying  the  brain  and  spinal  cord  as  locations.  As  he 
gives  no  record  of  cases  and  no  authority  for  this  statement,  it  seems 
likely  that  he  was  reasoning  the  possibiUty  of  this  from  the  occur- 
rence of  the  parasite  in  both  locations  in  the  sheep. 

The  acceptance  of  tlie  roe  deer,  Cervus  capreoluSj  as  a  host  of  Mulr 
ticeps  mviHceps  by  Diesing  (1850a)  and  by  subsequent  writers  is 
based  by  Diesing  and  by  such  writers  as  take  the  trouble  to  cite  an 
authority  on  Barthelemy  (1839a).  Barthelemy  states  that  gid 
occurs  in  sheep,  in  the  roe  deer,  and  in  other  animals.  He  does  not 
claim  to  have  seen  the  parasite  in  the  roe  deer,  nor  does  he  cite  any 
one  who  has,  hence  his  statement,  though  very  plausible,  is  not  con- 
vincing, and  this  record  must  also  be  held  doubtful. 

According  to  Jacobi  (1882a),  in  a  flock  of  400  yearling  lambs,  186 
died  with  coenqri  in  various  parts  of  the  spinal  cord,  but  no  coenuri 
were  found  in  tlie  brain.  The  correctness  of  this  statement  seems 
questionable.  That  coenuri  should  be  found  in  the  spinal  cord  in  a 
great  number  of  sheep  would  be  surprising;  that  none  should  be 
found  in  the  brain  at  the  same  time  is  scarcely  to  be  believed.  Pos- 
sibly the  disease  in  question  was  hydro-rhachitis  and  serum  accu- 
mulations in  various  parts  of  the  cord  were  mistaken  for  ccenuri. 

Kolster  (1893a)  found  several  vesicles,  each  having  several  heads, 
under  the  pericardium  of  a  pig.     He  could  not  decide  whether  it  was 


36 


THE  GID  PARASITE  AND  ALLIED  SPECIES. 


the  larva  of  Txnia  ccenurus  or  of  some  other  Txnia  having  a  coenurus 
larva.  I  consider  this  case  extremely  doubtful.  If  MuUiceps  muUir 
ceps  could  develop  in  the  pig,  it  seems  likely  that  it  would  not  be 
altogether  uncommon,  and  hence  would  have  been  reported  hereto- 
fore. Furthermore,  the  location  is  an  unlikely  one  for  this  parasite. 
As  the  specimen  in  question  does  not  seem  to  have  had  the  study 
necessary  for  an  identification,  we  are  compelled  to  include  the  pig 
among  the  doubtful  hosts  of  MuUiceps  muUiceps, 

In  discussing  gid  in  the  United  States,  we  have  already  considered 
Stiles's  (1898a)  record  of  subcutaneous  coenurus  in  the  horse. 

Guerrini  (1909^'),  in  a  list  of  the  parasite  specimens  in  the  collec- 
tion of  the  veterinary  college  at  Bologna,  lists  Ccxnurus  cerebralia 
Rud.  from  Bos  taurus  (meninges)  and  Canis  familiaris  (meninges). 
The  adult  worm,  Tsenia  canurus  Kuchenm.,  is  also  listed  from  Cania 
familiaris  (intestinum).  Such  a  record  of  Coenurus  cerehralis  from 
the  meninges  of  the  dog  must  ncessarily  be  looked  upon  with  doubt. 
When  an  extremely  unusual  or  unlikely  thing  is  recorded,  the 
acceptance  of  the  record  must  depend  upon  the  evidence.  The 
reliability  of  the  collector,  the  accuracy  of  the  person  identifying  the 
specimen,  the  features  on  which  the  identification  was  made,  and 
the  validitv  of  the  label,  are  all  matters  which  should  be  made  known. 
No  evidence  is  furnished  in  this  case,  and  hence  the  record  of  such  a 
parasite  in  the  dog  can  not  be  accepted  without  reservation. 

In  the  opinion  of  the  writer  all  records  of  the  girafl'e,  the  roe  deer, 
the  pig,  and  the  dog  as  hosts  of  the  larval  MuUiceps  muUiceps  should 
be  thrown  out,  as  they  are  all  probably  erroneous. 

The  following  Ust  includes  those  cases  where  the  records  show 
undoubted  errors. 

List  of  the  erroneous  records  of  the  occurrence  of  the  larval  MuUiceps  multiceps. 


Host. 


Locality. 


Man I  Not  given. 

Dog England.. 

Rabbit  (?) Not  riven. 

Rabbit do 

Do France 

Man Germany . 

Dog do 


Rabbit. 


.do. 


Cat do. 

Camel Not  given. 

Reindeer     ( Cervut   do . 

laTaruius). 
Camel       (Camelut   do. 

dromedarius). 

Rabbit ! do 

' *  Ex  IpalacU  capen-     Port  N atal , 

Pig.. '  Not  riven.. 

Cow dfo 

Spalai  cnperuia ,  Port  Natal . 

Cow Not  given . . 


Do. 
Do. 


.do. 
.do. 


Authority. 


RomnclclG5€a.. 
Moorcroft  1792a. 
Lsennec  1804a . . 
CloquetlSlHa.. 
Leblond  ISHIbl.. 
Klencke  1844a. . 
do 


.do. 


Numan  1850b. 

do 

Diesing  18o0a. 


Diesing  1850a  et  al. 


.do. 
.do. 


Veterinarian  1855a.. 

Fucbs  1859a 

Diesing  ISfAa 

Pagenstecher  1877a. 

Von  LInstow  1878a. 
Monies  1880a 


Notes  and  comments. 


Claims  to  have  seen  a  case. 

Produced  by  injection  of  rotten  coenu- 
rus in  veins. 

Produced  by  inoculation  of  rotten  cceor 
urns  on  brain. 

Misprint  or  based  on  mistranslation. 

Based  on  Aran  (1841a). 

Based  on  Retzius  (1790a). 

Based  on  De  Dlainville  (1824a). 
Based  on  Leblond  (1837a). 


In  spinal  cord. 

Von  Nathusius's  subcutaneous  sped* 

men  from  sheep  erroneously  listed. 
Subcutaneous;  error  as  above. 
Do. 
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List  of  the  erroneous  records  of  the  occurrence  of  the  larval  Multiceps  multiceps — Cont'd. 


Host* 

Locally. 

Authority. 

Notes  and  comments. 

Cow 

Not  £^ven .     .  . 

Leuekart  1886d 

Neumann  1888a 

RaiUlet  1803a 

Same  error  as   Pagenstecher  (1877a) 

above. 
Based  on  Bering  (1861a). 
Same  error  as  PagenAt4H;her   (1877a) 

above. 
In  eye;  based  on  Heincke  (1882a). 
In  list. 

Gooae 

Ha 

Cow 

H0Z86. ............. 

Gervpany 

do 

Sanbur        ( Cervus 

Not  given 

Hassall  1898a 

unicohr). 
Cow 

do 

Vaullegeard  1901a 

do 

In  eye. 
Do. 

Antelope 

do 

Camel 

do 

Espejo  y   Del   Koeal 

Based  on  Lafosse. 

The  weight  of  evidence  indicates  that  there  are  no  certain,  proba- 
ble, or  reasonably  doubtful  cases  of  the  occurrence  of  Multiceps  mul- 
ticeps in  the  larval  state  in  man,  the  cat,  rabbit,  camel,  sanbur,  goose, 
or  the  hypothetical  *^  Ipaictx  capensis.'^  It  is  also  reasonably  certain 
that  Moorcroft  (1792a)  and  Klencke  (1844a)  have  erred  in  recording 
Gcmurus  from  the  dog;  that  Retzius  did  not  find  a  c(£nurus  in 
Cervus  tarandus,  as  Diesing  (1850a)  credits  him  with  doing;  that  the 
record  of  Multiceps  muUiceps  from  the  spinal  cord  of  the  cow  given 
by  F\ichs  (1859a)  is  not  based  on  an  actual  case;  that  M,  muUiceps 
has  not  been  found  in  a  subcutaneous  location  in  the  same  host  as 
Pagenstecher  (1877a),  VonLinstow  (1878a),  Moniez  (1880a), Leuekart 
(1886d),  and  Railliet  (1893a)  give  it;  that  Heincke's  (1882a)  parasite 
from  the  eye  of  the  horse  was  not  a  coenurus  as  Railliet  (1893a) 
states,  and  that  M.  muUiceps  is  not  known  from  the  eye  of  the  cow 
and  of  the  antelope,  as  Vaullegeard  (1901a)  states. 

Rolfinck  (1856a)  refers  to  a  vertigo  caused  by  vesicles  full  of 
water  and  serous  humor  in  the  brain  of  sheep  and  of  man.  Un- 
doubtedly he  refers  to  gid  and  its  parasite  in  sheep,  but  the  vertigo 
referred  to  in  man  has  been  found  to  be  due  to  Cysticercus  ceUulosae 
and  Echinococcus  granulosus  in  those  cases  where  the  most  compe- 
tent scientists  have  investigated  the  parasite.  Klencke's  (1844a) 
statement  that  he  has  seen  a  coenurus  in  the  brain  of  man  does  not 
of  itself  give  sufficient  data  on  which  to  reject  the  finding,  but  a 
sludy  of  Klencke' s  work,  in  which  he  claims  to  have  repeatedly 
produced  coenurus  in  various  hosts  by  inoculation  of  coenurus  par- 
ticles, shows  that  his  statements  are  not  reliable,  and  for  this  reason 
his  quite  improbable  claim  of  the  occurrence  of  coenurus  in  man  is 
thrown  out.  Gervais  and  van  Beneden  (1859b)  have  stated  that 
Klencke's  statements  do  not  merit  confidence. 

In  his  nomenclature  of  diseases  of  man,  Bertillon  (1903^)  lists 
Ccmure  imder  diseases  of  the  digestive  tract,  and  the  Commission 
Internationale  (1909^),  in  its  revision  of  the  same  work,  has  retained 
this  listing.  As  the  records  indicate,  there  are  probably  no  cases 
of  coenurus  in  man.     Whether  such  cases  have  occurred  or  not. 
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there  are  no  good  grounds  for  Iktiiig  ecBnurus  or  cysticercus  as 
intestinal  parasites,  as  Bertillon  and  the  commission  have  done. 

Moorcroft  (1792a)  states  that  anatomists  aifd,  to  a  still  greater 
extent;  butchers  and  shepherds,  have  long  known  of  collections  of 
colorless  fluid  in  thin  capsules  in  the  brain  of  sheep  and  cows,  and 
adds:  ^^They  have  been  met  with  in  dogs." 

The  larval  cestodes  of  dogs  include,  according  to  various  authors, 
Cysticercus  and  Echinococcua.  Von  Linstow  (1889a)  lists  a  Ccpwwrua 
sp.  from  the  dog,  attributing  it  to  Pagenstecher,  but  Pagensteeher 
(1877a),  in  the  reference  cited,  refers  to  a  growth  on  the  neck  -of 
Myopotamus  coypus,  which  he  says  might  have  been  a  growth  of 
a  cystoid  or  colloid  nature  such  as  is  found  in  dogs,  but  which  he 
finds  to  be  a  coenurus.  Klencke  (1844a)  claims  to  have  produced 
a  coenurus  in  the  dog  by  injecting  rotten  co&nurus  into  its  veins,  a 
claim  so  absurd  as  to  at  once  discredit  his.  findings.  Guerrini's 
(1909^)  record  of  a  museum  specimen  has  already  be^a  mentioned 
as  doubtful.  There  are,  therefore,  no  adequate  and  reliable  refer- 
ences to  a  coenurus  from  the  dog,  and  as  it  is  on  the  face  of  it 
highly  improbable  that  the  larval  Miilticep9  muUicepa  would  occur 
in  the  dog,  we  may  throw  «out  Moorcroft's  casual  reference. 

Liennec  (1804a)  states  that  the  gid  parasite  occunsi  in  the  sheep, 
the  cow,  and  perhaps  in  the  rabbit.  The  last  host  is  included  on  the 
basis  of  hunters'  statements  that  they  have  seen  gid  in  rabbits. 
Moniez  (1880a)  says  he  has  seen  such  a  case  of  gid  in  the  rabbit,  but 
it  was  not  due  to  a  coenurus,  and  Lsennec  admits  that  no  one  had 
ever  seen  the  parasite  in  such  cases. 

Cloquet  (1818a),  in  an  article  which  appears  to  be  an  abstract  of 
LsBunec  (1804a  or  1812a),  has  made  a  positive  statement  of  LsBunec's 
tentative  inclusion  of  the  rabbit  as  a  host  of  the  gid  parasite. 

Leblond  (1837a)  notes  that  Lsennec  (1812a)  did  not  know  of  any 
vesicular  worms  from  the  brain  of  the  rabbit,  and  describes  a  cyst 
taken  from  the  vertebral  canal  of  a  rabbit  by  Dr.  Enmianuel  Rous- 
seau and  sent  to  Leblond,  who  finds  it  to  be  Comurua  cerebralia.  De 
Blainville  (1828a)  had  previously  described  a  coenurus,  which  he 
calls  an  Echinococcus,  from  the  peritoneal  cavity  of  a  rabbit.  Thfe 
and  subsequent  records  of  the  sort  have  been  usually,  and  probably 
correctly,  taken  as  cases  of  MvUicepa  serialis,  which  was  described 
as  a  separate  species  by  Gervais  (1847a).  Gervais  and  van  Beneden 
(1859b)  have  examined  Leblond's  specimen  and  think  it  is  not  C. 
cerebralia.  Klencke  (1844a)  claims  to  have  produced  a  coenurus  in 
the  rabbit  brain  by  inoculating  the  brain  with  bits  of  rotten  coenurus, 
but  such  a  claim  settles  that  his  record  has  no  right  to  recognition. 

Numan  (1850b)  states  that  Engelmeyer  in  1850  recorded  the 
presence  of  a  coenurus  in  the  liver  of  a  cat,  and  as  Numan  treats  of 
only  one  species  of  coenurus,  the  inference  is  that  this  was  an  infection 
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with  MuUiceps  mvUiceps,  which,  however,  would  be  a  highly  improb- 
able occurrence.  Engelmeyer's  article  is  not  available  for  verifica- 
tion, but  Neumann  (1893i)  has  attempted  to  verify  tliis  record  and 
finds  that  Engelmeyer's  case  is  a  quite  ordinary  record  of  EcM/aocoecus 
in  the  liver  of  a  cow.  According  to  Neumann,  the  error  arose  from 
Numan  writing  ''kat"  instead  of  ''koe."  Neumann  criticises 
Cobbold  for  translating  Numan's  ''Vedkop''  as  Ccenums  instead  of 
PolycepTudus.  The  criticism  seems  hardly  fair  to  Cobbold,  as 
Niunan  uses  C€enuru8,  PolycephoLuSj  and  ^ '  Vec^kop  "  interchangeably  to 
mean  one  and  the  same  thing,  i.  e.,  the  gid  parasite.  And  at  the  point 
in  question,  Engelmeyer's  case  is  cited  to  show  that  the  ''Veelkop^' 
is  not  confined  to  the  brain  and  spinal  cord.  Had  Numan  intended 
to  include  Echinococcua  in  his  discussion  of  *'Veelkop,"  he  would 
hardly  have  referred  to  one  case  from  the  liver  as  an  exception  to 
the  rule  that  it  occurs  regularly  in  the  nervous  system,  as  the  reverse 
would  be  true  for  Echinococcua,  It  is  probable  that  Nmnan  has 
erred  in  including  Engelmeyer's  case  in  the  way  he  did,  and  certain 
that  he  quoted  it  wrongly. 

Diesing  (1850a)  and  many  subsequent  writere  have  listed  Mviti- 
eeps  mulAcepa  from  the  camel,  the  authority,  where  given  at  all,  being 
usually  De  Blainville  (1824a).  By  a  coincidence,  or  by  one  author 
misleading  the  other,  Numan  (1850b)  in  the  same  year  assisted  in 
strengthening  Diesing' s  error  by  also  listing  the  parasite  from  the 
camel,  basing  the  statement  on  De  Blainville's  case  in  Aran  (1841a). 
As  a  matter  of  fact,  Aran  says  that  De  Blainville  found  the  parasite 
in  a  chamois,  and  De  Blainville  himself  says  it  was  a  chamois.  The 
explanation  appears  to  be  that  either  Diesing  or  Numan  or  both  of 
them  confused  ^'chamois"  and  ''ohameau,"  or  perhaps  the  printer 
did.  Espejo  y  del  Rosal  (1905.d)  says  that  Lafosse  saw  the  gid 
parasite  in  the  camel.  Lafosse  (1854b)  has  noted  gid  in  the  sheep 
and  (Jacques  and  Lafosse,  1854b)  in  the  antelope,  but  never  in  the 
camel  so  far  as  available  records  show.  At  any  rate,  there  is  no 
authority  at  hand  for  listing  the  camel  as  a  host  of  MuUiceps  mvUiceps. 

It  has  already  been  shown  (p.  35)  that  Diesing' (1850a)  erred  in 
crediting  Retzius  with  listing  MvUiceps  multiceps  from  Cervus  taran- 
d/U8y  as  Retzius  ( 1790a)  records  it  from  the  chamois,  not  the  reindeer. 

Diesing  (1850a)  also  states  that  what  is  probably  a  specimen  of 
Ccenurus  cerehraiis  is  known  "Ex  Ipalads  capensis.^^  There  is  no 
mammal  genus  from  which  the  genitive  *^  IpciUicis"  could  be  derived, 
and  Diesing  (1864a)  has  later  given  the  name  as  Spalax  capensis,  in 
this  case  merely  calling  the  parasite  a  coenurus.  Von  Linstow 
(1878a)  lists  the  host  as  Georhynchua  capensia,  and  it  seems  likely 
that  the  ccenurus  in  question  was  taken  from  this  host,  the  generic 
name  of  which  is  properly  Georychus,  according  to  Palmer  (1904a). 
The  true  Spalax  does  not  occur  in  the  locality  given.     From  such  a 
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host  as  this  rodent  it  is  altogether  unlikely  that  the  parasite  was 
MvUiceps  multiceps. 

A  writer  in  the  Veterinarian  ( 1855a)  states  that  Ccsnurus  cerebralis 
is  found  in  the  brain  of  the  sheep,  ox,  horse,  pig,  and  man.  There 
is  no  citation  of  authorities  or  cases  to  back  the  assertion,  and  it  is 
evident  that  the  pig  is  included  here  through  error.  Kolster's  ( 1893a) 
doubtful  case  has  already  been  discussed. 

Fuchs  (1859a)  lists  the  gid  parasite  from  the  sheep,  cow,  and 
horse,  specifying  the  brain  and  spinal  cord  in  all  cases.  It  seems 
quite  evident  that  there  was  nothing  but  the  possibility  of  its  occur- 
rence in  the  spinal  cord  of  the  cow  to  justify  this  statement,  and  as 
no  record  of  such  an  occurrence  seems  to  have  been  made  until  half 
a  century  later,  this  statement  may  be  rejected. 

It  has  already  been  pointed  out  (p.  31)  that  Von  Xathusius's  case,  as 
given  by  Leisering  (1862a),  who  reported  it,  was  one  of  subcuta- 
neous ccenurus  in  the  sheep.  Pagenstecher  ( 1877a),  Moniez  ( 1880a), 
Leuckart  (1886d),  and  Railliet  (1893a)  have  erred  in  reporting  this 
from  the  calf  or  ox.  Von  Linstow  (1878a)  has  perhaps  followed 
Pagenstecher  in  listing  C.  cerehralis  from  under  the  skin  in  the  cow. 

Neumann  (1888a)  devotes  a  paragraph  to  gid  in  the  goose,  quoting 
Hering's  (1861nr)  case,  and  stating  that  the  tumor  found  on  the  brain 
was  considered  as  a  dead  and  atrophied  hydatid.  As  a  matter  of 
fact,  Hering  says  that  a  mass  without  membranous  structure,  as  is 
often  the  case  in  shriveled  bladderworms,  was  found  in  the  left 
hemisphere  of  the  cerebrum,  but  nowhere  a  hydatid. 

Railliet  (1893a)  states  that  the  coenurus  found  by  Ileincke  in  the 
eye  of  a  horse  is  usually  referred  to  Coenurus  cerehralis.  Heincke 
(1882a),  according  to  a  secretary's  abstract,  found  a  bladderworm 
in  the  eye  of  a  foal.  Under  the  microscope  the  worm  showed  a  hook 
circlet.  There  is  nothing  to  indicate  that  the  cestode  was  a  ccenurus, 
and  as  the  description  would  fit  Cysticercus  ceUulosse,  known  as  a 
parasite  of  the  eye  and  of  the  horse,  it  seems  more  reasonable  to  con- 
sider it  as  this  than  to  assume,  contrary  to  the  evidence  of  the  one 
circlet  of  hooks,  that  we  had  here  a  ccenurus  in  an  organ  nowhere 
authentically  recorded  as  a  site  of  C,  cerehralis,  and  in  a  host  which 
is  none  too  certainly  listed  as  a  host  of  coenurus.  Neumann  (1888a) 
considers  Ileincke's  form  a  cysticercus. 

Ilassall  (1898a),  in  a  list  of  hosts  and  parasites,  records  Canurus 
cerehralis  from  the  sanbur,  Cervus  unicolor.  As  no  authority  is 
given,  and  as  no  such  record  is  to  be  found,  the  case  appears  to  be  an 
error. 

Similarly,  Vaullegeard's  (1901a)  record  of  the  same  parasite  from 
the  eye  of  the  cow  and  of  the  antelope  is  without  authority  or  record 
of  cases  and  is  rejected  as  improbable  and  devoid  of  evidence. 


OCCURBENCES   OP  ADULT  MULTICEPS   MULTICEPS.  41 

THE    OCCURRENCES   OF  THE   ADULT   MULTICEPS   MULTICEPS. 

So  far  as  the  writer  is  aware,  the  dog  is  the  only  known  host  of  the 
adult  MuUiceps  mvMiceps.  Von  Linstow  (1878a)  lists  Txnia  eomu- 
ru8  from  Canis  lagopus,  but  the  three  authorities  referred  to  by  him 
in  this  connection,  Diesing  (1864a  and  1864b),  Leuckart  (1856a),  and 
Krabbe  (1865e),  do  not  mention  it.  Railliet  (1893a)  states  that 
Mobius  found  T.  ccenurus  in  Vvlpes  l<igopibs,  but  no  reference  is 
given,  and  I  have  been  unable  to  verify  this  statement.  Hence  the 
blue  fox  must  be  considered  a  doubtful  host  of  MuUiceps  muUiceps, 

Hering  (1873a)  fed  a  common  red  fox,  Canis  vulpes,  with  larval 
MvMceps  muUiceps  on  three  occasions  and  once  fed  two  Oysticercus 
tenuicoUis.  The  fox  passed  numerous  proglottids,  but  when  finally 
killed  post-mortem  examination  showed  only  three  tapeworms  2  to  3 
inches  long.  According  to  Hering,  these  were  T.  ccenurus.  They 
seemed  to  be  when  compared  with  other  specimens  on  naked-eye 
examination.  Further,  the  fox  had  been  fed  for  a  year  and  a  half 
on  horse  meat,  and  three  tapeworms  could  not  have  arisen  from  two 
cysticerci.  However,  there  were  42  to  48  hooks  instead  of  28  to  36, 
and  the  large  hooks  measured  0.65  mm.  long.  Such  a  hook  measure- 
ment is  four  times  the  average  for  MuUiceps  muUiceps,  and  if  cor- 
rectly given  would  make  it  quite  certain  that  the  cestode  in  question 
was  not  M.  muUiceps,  The  uncertainty  is  such  that  Canis  vulpes 
must  be  considered  a  doubtful  host  of  M.  muUiceps  in  this  case. 

Braun  (1894a)  gives  a  reference  to  Furstenburg  (1858a),  not  avail- 
able to  the  writer,  and  states  that  Furstenburg  fed  Ccenurus  cere- 
hralis  and  Oysticercus  tenuicoUis  to  dogs  and  foxes  and  recovered 
tapeworms  45  to  50  inches  long  from  the  dogs  and  one-fourth  to  7 
inches  long  from  the  foxes.  It  is  uncertain  from  this  statement 
whether  the  tapeworms  in  the  foxes  included  Tsenia  ccenurus  or  not. 

All  other  statements  that  the  fox  is  a  host  of  this  parasite  appear 
to  be  mere  assumption,  without  case  or  authority  to  support  them. 

The  assertion  or  assumption  that  the  wolf  is  a  host  of  M,  muUiceps, 
made  by  Ktichenmeister  (1853e),  Von  Siebold  (1854b),  Bourcier 
(1859a),  Gervais  and  Van  Beneden  (1859b),  Baillet  (1866b),  and 
numerous  others,  is  likewise  without  cases  or  authority  to  support  it, 
and  the  wolf  can  not  even  be  listed  as  a  doubtful  host  so  far  as  the 
records  go.  In  view  of  the  close  relationship  of  wolves  to  the  dog, 
however,  it  is  very  probable  that  they  may  serve  as  hosts  of  the 
adult  gid  parasite. 

Equally  devoid  of  basis,  so  far  as  actual  records  are  concerned, 
are  the  claims  made  or  suggested  for  the  martin  by  Von  Siebold 
(1854b),  Putz  (1882flr),  and  Dewitz  (1892b),  for  the  coyote  by  Cur- 
tice (1890c),  Burch  (1893a),  and  Shaw  (1901a),  and  for  the  polecat 
by  Dewitz  (1892b). 
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Railliet  ( 1893a)  states  that  he  has  been  unable  to  infect  the  cat. 

The  writer  has  personally  examined  tapeworms  from  coyotes  and 
other  wolves  trapped  in  Montana,  but  has  not  found  M,  muUieeps. 
Doctor  McClure,  in  a  letter  of  December  5,  1906,  to  Doctor  Melvin, 
says  he  has  examined  two  coyotes  in  Montana  and  found  no  intestinal 
parasites. 

The  following  list  includes  all  records  found  of  the  occurrence  of 
the  adult'  MuUieeps  mutticeps  not  produced  by  feeding  experiments 
and  many  of  the  cases  where  it  has  been  produced  by  experiment. 
In  the  case  of  the  latter  some  effort  has  been  made  to  avoid  duplica- 
tion, due  to  translations,  later  editions,  etc.  The  list  does  not  include 
those  cases  where  the  occurrence  of  the  parasite  is  merely  claimed. 

Liit  of  recorded  occurrencei  of  the  adult  Multicep*  muUiceps  in  the  dog. 


Locality. 

Authority. 

Notes  and  comments. 

GiVTPany 

Von  Siebold  18S2a 

By  ex3)erlment. 
Do. 

Do 

K(kihenmeist«r  18S3e 

Haubner  1864b 

Do 

Do. 

Do 

Von  Siebold  1854b 

Do. 

Do 

Ktichenmeister  185M 

FilrstenburK  ISSto... 

By  experiment;  first  trihedral  specimen. 
By  experiment;  according  to  Braun  (1804a). 
By  experiment. 

(?) 

G<firmany 

Bering  IgSOa 

France,  r 

BaiUet  18S0b 

Do. 

Eneland 

Garogee  18d9a 

Do. 

France 

Poucbet  and  Verrier  1862b. . 
Krabbe  1862a 

Do. 

Denmark 

Found  in  4  out  of  185  does. 

France 

Milne- Edwards  and    Vall- 

lant  lR63a. 
Krabbe  1866d 

By  experiment. 

Found  in  5  out  of  500  dogs. 

Denmark 

loelftnd ..  . 

do 

Found  in  18  out  of  100  dogs. 

Faroe  Islands 

do 

Rare. 

England 

Cobbold  18670 

By  experiment;  never  otherwise. 

Germany 

Hertag  I87aa 

By  experiment. 

Italy 

Perronclto  1877cc 

Do. 

France 

Bertohnand  Chauveau  1870a 
Leuckart  1880b 

Found  in  1  out  of  84  dogs. 

By  experiment;  a  trihedral  specimen  and  1  with  geni- 

Germany  

Do 

8ch5ne  1886a 

talia  reversed. 
Found  in  1  out  of  100  dogs. 

Switserland 

Zschokke  1887o 

Found  in  3  out  of  177  dogs. 

France 

Neumann  1888a 

Not  stated. 

Germany 

Deflke  1891a 

Found  in  1  out  of  20O  doss;  also  by  experiment 

This  is  an  error;  see  p.  21. 

Ward  (1897b)  and  Stiles  (1898a)  think  this  is  M.  teri- 

United  States 

Curtice  1892g 

Do 

Ward  1896b 

Oermnny 

Lehner  1897a 

alia. 
Found  in  4  docs. 

Italy '.'.'.'. 

Calamida  1901c 

Not  stated. 

Scotland 

Law  1903a. 

By  experiment  in  1864  or  1865;  date  and  place  fur- 
nished me  in  personal  communication  of  July  2, 
1909. 

By  experiment;  a  trihedral  specimen. 

Not  available;  cited  from  Sweet  1900^1. 

Germany 

Johne  1904f. 

Australia. 

United  States 

Hall  1909b 

By  experiment. 

Do^  died  of  intestinal  obetruotion  due  to  mass  of  Mvl- 

ttcepa  miUiicepa. 
One  specimen  said  to  have  been  produced  by  feeding 

coenurus. 
Thisaiticto. 

France 

Henry  1909«i 

United  States 

Do 

Taylor  and  Boynton  1910a. . . 
Hall  1910^ 

ECONOMIC   IMPORTANCE   OF   GID. 


In  the  seventeenth  century  Scultetus  (1672a)  notes  that  gid  was 
common  enough  then  in  Germany  to  be  known  among  the  peasantry 
under  the  name  of  "Wirbling."  In  the  eighteenth  century  Wepfer 
(1724^)  says  it  was  a  common  disease  of  cattle  in  Switzerland. 
Maillet  ( 1836a)  says  it  is  more  common  in  southern  than  in  northern 
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France.  Von  Siebold  (1854b)  states  that  ^d  is  not  rare  in  cattle  in 
south  Germany,  especially  Bavaria,  but  that  it  is  scarcely  known  in 
north  Germany,  and  Zum  (1882<3r)  says  it  causes  great  loss  among 
sheep  in  south  Germany.  Krabbe  ( 1865d)  found  the  adult  parasite 
very  common  in  dogs  in  Iceland,  and  the  gid  disease  must  have  been 
very  common,  as  he  says,  for  the  cystic  stage  is  much  more  commonly 
found  than  the  adult.  Cobbold  (1867o)  says  the  disease  is  not 
important  in  Ei^land,  but  is  in  Hungary,  though  later  Heatley 
( 1884nf)  says  that  gid  is  very  common  in  England.  Wernicke  ( 1886a) 
states  that  the  parasite  is  viewed  with  alarm  in  the  Argentine  Repub- 
lic. Mdller  ( 1891a)  says  coenurus  is  common  in  cattle  at  the  Salzbui^ 
slaughterhouses,  and  is  not  rare  in  Steiermark,  Kamten,  Tyrol,  Bu- 
ko wnia,  and  Dalmatia.  Scheben  (191  Oa)  says  that  gid  is  an  old  trouble 
in  German  Southwest  Africa,  often  becoming  conspicuous  by  its  dam- 
age to  sheep  breeding,  and  now  and  then  occurring  as  an  epizootic. 

It  will  be  seen  from  the  above  that  while  gid  enjoys  a  wide  distri- 
bution, there  are  some  districts  which  appear  to  favor  the  disease,  and 
in  these  places  there  is  a  constant  and  considerable  economic  loss  from 
the  disease.     How  great  that  loss  is  may  be  judged  from  a  few  figures. 

Youatt  ( 1834a)  says  that  at  least  900,000  sheep  die  annually  of  gid 
in  France.  (Most  authors  quote  Youatt  as  saying  a  million  sheep, 
but  I  have  not  found  this  statement.)  Belhomme  (1838a)  says  that 
in  some  years  gid  attacks  one-fifth  to  one-fourth  of  a  flock.  Bar- 
thelemy  (1839nr)  says  not  less  than  one-fifth  of  the  lambs  suffer 
from  gid  in  France.  Reynal  (1852a)  notes  the  loss  of  50  out  of  a 
flock  of  110  lambs  from  this  disease,  and  Clok(1868/ar)^otes  Kuers's 
case,  where  200  out  of  400  died  of  gid.  Reynal  ( 1857a)  states  that  gid 
attacks  from  one-tenth  to  more  than  one-fourth  of  the  sheep  in  some 
places.  Von  Siebold  (1854b)  says  gid  kills  more  than  10  per  cent  in 
some  flocks.  Clok  (1868a)  says  the  average  yearly  loss  from  gid  is 
5  to  6  per  cent,  and  that  in  Grermany  it  may  kill  70  ^r  cent  of  the 
lambs.  Heitzmann  ( 1868a)  says  that  at  Rohrdorf  50  to  60  head  of 
cattle  die  in  some  years.  Dixon  ( 1883nr)  says  that  before  the  fencing 
IQ  of  sheep  runs  began  in  South  Australia  it  was  not  unusual  for  2 
per  cent  of  the  hoggets  to  die  of  "crankiness/'  or  gid.  Neumann 
(1892a)  states  that  Gasparin  put  the  loss  in  Germany  at  15  per  1,000 
the  first  year,  5  the  second,  2  the  third,  and  1  the  fourth.  Armatage 
(1895)  says  of  gid:  "The  annual  losses  are  about  10  per  cent.  It 
always  prevails  in  some  districts,  particularly  in  Scotland.''  Not 
long  ago  Penberthy  (1906ar)  noted  a  case  in  England  where  300 
out  of  400  lambs  died  of  gid  inside  of  four  months,  Numan  ( 1850b) 
says  that  gid  is  not  as  common  la  Holland  as  in  some  countries,  and 
claims  that  Tessier  put  the  loss  in  France  at  5  per  cent,  and  that  Kuers 
in  1840  stated  the  loss  in  Germany  as  no  less  than  this.  Diem  ( 1906^) 
points  out  that  with  existing  values  gid  in  cattle  causes  an  appreciable 
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'loss,  and  notes  instances  where  the  values  of  cattle  successfully  oper- 
ated on  increased  over  their  slaughter  value  as  giddy  animals  from  35 
and  55  to  485  marks.  Vollrath  (1905a)  states  that  during  the  winter 
and  spring  of  1904-5  there  were  one  or  two  cases  weekly  among 
cattle  at  Uttenweiler.  Pfab  (1910ar)  notes  two  cases  where  cattle 
breeders  lost  an  entire  year's  increase ;  in  one  case  8  animals  out  of 
8,  and  in  another  12  out  of  12.  He  records  a  total  of  58  operations 
on  cattle  in  the  years  1903  to  1909,  inclusive,  with  34  cures.  The 
figures  already  given  for  the  United  States,  and  the  writer's  personal 
investigation  in  Montana,  show  losses  of  2  or  3  to  10  per  cent  among 
some  Montana  flocks,  and  such  a  loss  in  a  State  where  sheep  are  rated 
by  the  Bureau  of  Statistics  ^  of  the  United  States  Department  of 
Agriculture  at  $4.20  a  head  is  worth  considering.  It  appears  that 
the  loss  in  Montana  amounts  to  $10,000  in  some  years,  and  is  at  all 
times  a  steady  drain  on  the  flocks. 

It  is  evident  from  these  figures  that  gid  is  really  a  dangerous  and 
important  disease.  It  has  held  its  own  for  centuries  in  civilized 
Europe.  Nearly  a  century  ago,  Bosc  (1816a)  said  it  was  notable  for 
the  loss  of  sheep  which  it  occasioned.  Later  Eschricht  (1840b) 
speaks  of  it  as  a  plague.  Kuers  in  1840,  according  to  Numan  ( 1850b), 
classed  it  as  one  of  the  three  most  important  diseases  of  lambs. 
Eschricht  (1841g)  says  it  "often  rages  *  *  *  as  a  virulent  conta- 
gion.'' Clok  ( 1868nr)  says  it  may  be  regarded  as  producing  the  greatest 
comparative  loss  of  all  sheep  diseases.  Van  Beneden (1889a)  says  "  The 
ccenurus  of  the  sheep  is  a  true  calamity  when  it  spreads  in  a  country." 
Dewitz  (1892b)  says  gid  is  the  most  important  parasitic  disease  of  sheep 
around  Berlin.  In  Germany  the  Government  was  trying  to  stamp 
out  the  disease  before  the  middle  of  the  last  century,  and  Kuchen- 
meister  was  working  under  a  government  grant  when  he  demon- 
strated the  complete  life  cycle  of  the  parasite  in  1853. 

The  sheep  is  conspicuous  for  its  comparative  freedom  from  bac- 
terial diseases,  a  fact  especially  noticeable  at  this  time,  when  the  cow 
and  other  animals  are  being  called  to  account  in  the  tuberculosis 
campaign.  But  the  sheep  is  equally  conspicuous  for  its  suscepti- 
bility to  animal  parasites,  and  of  these  the  gid  parasite  is  one  of 
the  most  deadly.  In  this  country  gid  is  not  as  widespread  as  infec- 
tion with  the  stomach  worm,  Hsemonchus  contortus,  nor  is  it  so  gen- 
eral throughout  the  flocks  it  attacks  as  scab.  At  the  same  time, 
the  stomach  worm  at  its  worst  can  not  claim  anything  like  the 
approximate  100  per  cent  lethality  of  the  gid  parasite,  and  the 
scab  parasite  is  readily  eliminated  by  a  rather  simple  routine  treat- 
ment, not  comparable  to  the  delicate  and  uncertain  surgical  treat- 
ment necessary  to  relieve  a  sheep  of  the  brain  parasite.     Unlike 
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bacteria,  animal  parasites  show  little  preference  in  attacking  weak 
or  poor  animals,  and  gid  probably  selects  its  victims  oftener  from 
strong,  vigorous  sheep  and  with  less  regard  to  the  care  given  them 
than  even  the  stomach  worm  or  the  scab  parasite. 

Neumann  (1888a)  and  many  others,  previously  and  since,  state 
that  in  general  giddy  animals  should  be  butchered  in  the  first  stage 
of  gid,  as  the  meat  is  still  good.  In  the  case  of  valuable  animals,  an 
operation  should  be  undertaken  if  indicated  by  favorable  symptoms. 
He  also  urges  that  sheep  affected  with  spinal  gid  should  always  be 
killed.  His  advice  is  perhaps  as  good  as  could  be  given.  In  general, 
the  greater  value  of  cattle,  as  Piitz  (1882a')  has  noted,  would  justify 
an  operation  oftener  than  sheep  values  would.  This  is  especially 
true  since  the  wool  value  of  the  living  sheep  is  considerably  less 
than  the  dairy  value  of  the  living  cow.  The  figures  already  quoted 
from  Diem  (1906a)  show  the  value  of  successful  operations.  Opera- 
tion is,  of  course,  especially  indicated  in  the  case  of  breeding  animals. 
We  know  of  no  adequate  medicinal  treatment  for  gid,  and  experi- 
ments along  this  Une  have  so  far  been  unsuccessful.  (See  Hall,  1909« 
and  Moussu,  1910a.) 

It  seems  that  animals  affected  with  gid  seldom  get  to  the  lai^er 
slaughterhouses,  although  F.  Braun  (1906a)  says  he  has  often  found 
it  in  meat  inspection  of  cattle.  Edelmann  (1896a)  says  Ccenurus 
cerebralia  is  ordinarily  unimportant  in  meat  inspection,  but  that  in 
Hesse  and  Sachsen-Meiningen  the  meat  of  giddy  animals  is  to  be 
held  as  depreciated  in  value  or  worthless,  according  to  the  degree  of 
the  disease  and  the  condition  of  the  carcass.  Carreau  and  Rousseau 
(1909  a)  give  directions  for  detecting  giddy  sheep  in  abattoir  inspec- 
tion in  France.  Lloyd  (1909a),  in  an  article  on  meat  inspection  in 
England,  lists  Ccenurus  cerebralis  as  one  of  the  most  common  larval 
cestode  parasites  involved  in  meat  inspection,  and  Clarke  (1907a), 
as  already  noted,  says  he  has  met  many  cases  of  gid  in  sheep  at  the 
slaughterhouses  in  England.  Moreau  (1909a),  in  an  article  on  meat 
inspection,  gives  the  methods  for  detection  of  the  gid  parasite  and  lists 
animals  so  infected  for  partial  condenmation. 

Bourrier,  Charpentier,  and  Lafourcade  ( 1884  a)  only  found  the  gid 
parasite  once  after  five  and  a  half  years  at  the  Villette  abattoir,  in 
spite  of  a  careful  examination  of  the  brains  of  the  18,000  to  20,000 
cattle  that  were  slaughtered  there  monthly.  Schone  (1886a)  only 
found  it  once  among  8,962  sheep  at  Chemnitz. 

From  a  legal  standpoint,  gid  constitutes  an  impairment  of  contract 
in  cattle  sales  in  some  places  in  Europe,  according  to  Semmer  ( 1885c), 
who  gives  this  period  as  14  days  in  Nassau  and  Thurgau,  15  days  in 
Canton  St.  Gallen,  and  31  days  in  Canton  Schaffhausen.  These 
periods  are  too  short,  as  Semmer  notes.  Gerlach  (1872a),  who  gives 
the  same  figures,  says  the  period  should  be  three  months,  but  states 
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that  such  a  fixed  period  can  be  dispensed  with  on  the  ground  that 
only  an  occasional  breeding  ram  comes  up  for  consideration,  and 
especially  because  we  are  in  a  position  from  a  scientific  standpoint 
to  render  a  correct  judgment  on  any  concrete  case.  Heusinger 
(1853<3r)  states  that  in  the  '^  Ancient  Laws  and  Institutes  of  Wales" 
the  law  governing  impairment  of  contract  allows  three  days  for  the 
development  of  "dera,"  or  vertigo,  in  sheep,  cattle,  and  horses. 
I  am  unable  to  state  whether  this  covers  cases  of  gid  or  not. 

ALLEGED   CAUSES   OF  GID. 

Before  the  gid  parasite  was  known  as  the  cause  of  gid  various 
theories  were  advanced  to  account  for  the  disease,  and  after  the 
parasite  was  known  to  be  the  cause  many  theories  were  advanced 
to  account  for  its  presence.  Nor  did  the  proposal  of  new  theories 
cease  after  Kiichenmeister  (1853e)  had  demonstrated  the  parasite's 
life  history.  Below  are  cited  the  various  theories  found  by  the  writer, 
only  one  authority  being  assigned  for  any  given  theory. 

Stier  (1776a)  discredits  the  theories  that  gid  is  due  to  insect 
larvae  in  nose,  to  inflammation,  to  stagnation  of  blood,  or  to  hot  days 
followed  by  cold  nights. 

Gericke  (1805a)  considers  gid  as  due  to  an  accumulation  of  fluid 
in  the  head  from  hypersecretion  of  glands  injured  by  blows  on  the 
animal's  head. 

Youatt  (1834ar)  opposes  the  theories  ascribing  the  disease  to  poi- 
sonous plants,  delay  in  docking,  to  hoarfrost,  apoplexy,  or  to  weak- 
ness of  meninges;  also  Hogg's  theory  of  gid  as  due  to  the  injection  of 
fluid  from  the  central  canal  of  the  spinal  cord  into  brain. 

Maillet  (1836a)  notes  the  idea  that  gid  in  cattle  was  due  to  heavy 
yokes. 

Tschudi  ( 1837a)  has  a  footnote,  signed  Leuckart,  which  notes  that 
gid  occurs  in  unhomed  sheep  and  that  certain  formative  material 
should  go  into  the  horns  the  first  year,  or,  failing  that,  the  high 
blood  pressure  favors  cyst  production. 

Schellhase  (1839a')  objects  to  the  theory  of  cachexia  and  malnu- 
trition as  causes  of  gid  and  proposes  the  opposing  theory  that  the 
heightening  of  the  vegetative  life  of  sheep  by  suppression  of  activity 
in  the  period  of  youth  causes  a  superfluity  of  material  which  gives 
rise  to  worms. 

Eschricht  ( 1840b)  favors  the  idea  that  bad  feeding  and  wet  meadows 
give  rise  to  gid. 

Blacklock  (1841  or)  adopts  a  theory,  credited  by  him  to  Hogg  in 
1812,  that  gid  is  due  to  the  back  of  the  sheep  being  chilled. 

Pluskal  (1844 or)  quotes  the  following  theories  of  spinal  gid:  That 
it  is  due  to  chilling,  metastasis,  rheumatic-toxic  trouble,  too  much 
jumping,  excessive  stretching  of  hip  ligaments,  and  feebleness  of  the 
ram. 
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Nuinan  ( 1850b)  notes  that  gid  has  been  referred  to  bad  food  and 
water,  Colchicum  autamnale,  AUium  vinedle,  Ranunculus  Jlammula, 
an  adder,  damp  stalls,  cutting  teeth,  and  temperature  variation. 

Reynal  (1858a)  thinks  that  gid  is  due  to  heredity  or  the  breeding 
of  too  young  animals. 

Gamgee  (1859a)  cites  Navi^res's  theory  that  a  fly  perforated  the 
sheep's  skull  and  deposited  eggs. 

Davaine  (1860a)  mentions  the  theory  of  gid  as  due  to  precocious 
obesity. 

Dun  (1864a)  puts  forth  a  common  mixture  of  truth  and  error, 
rather  than  a  theory,  when  he  says  that  sheep  pick  up  the  eggs  or  larvae 
of  tapeworms  dropped  by  dogs,  rabbits,  or  sheep,  and  that  the  ova 
of  flukes  also  cause  gid. 

Furstenburg  (1865b)  condemns  Mahnke's  theory  that  gid  parasite 
eggs  get  into  the  blood  and  are  destroyed,  the  dissolved  product 
subsequently  uniting  with  the  egg  or  semen  of  the  host,  thus  forming 
a  fetus  which  later  becomes  the  parasite. 

VoUrath  ( 1905a)  states  that  in  advising  farmers  to  have  their  cattle 
operated  on  for  gid  he  met  with  marvelous  causes  for  the*disease,  and 
this,  too,  in  Germany  where  the  knowledge  of  the  etiology  and 
prophylaxis  of  the  disease  has  coexisted  with  the  disease  for  half  a 
century.  It  is  not,  therefore,  surprising  that,  according  to  Doctor 
Treacy,  of  this  Bureau,  in  a  letter  of  June  5,  1907,  the  sheepmen  of 
Montana  have  been  classing  the  gid  trouble  as  loco,  poison  weed, 
water  on  the  brain,  grub  in  the  head, etc., ''and  have  not  paid  any 
attention  to  the  destruction  of  the  animals  that  have  died." 

NAMES   APPLIED  TO   OID  AND   GIDDY  ANIMALS. 

The  wide  distribution  of  gid  and  the  peculiarity  of  its  symptoms 
have  led  to  its  receiving  a  great  number  of  popular  names  in  various 
languages.  In  the  following  lists  these  names,  together  with  the 
medical  names,  have  been  arranged  in  chronological  order  under  each 
country.  Where  the  name  is  applied  to  a  giddy  sheep  instead  of  to 
the  disease  it  is  indicated  by  an  asterisk  (*),  and  where  the  term 
applied  is  an  adjective  it  is  indicated  by  a  dagger  (f).  Spinal  gid  is 
indicated  thus  (§).  This  list  is  necessarily  incomplete,  especially 
as  regards  terms  used  in  Asia,  from  which  continent  no  records  of 
gid  are  available,  although  the  disease  probably  occurs  there. 

The  authority  cited  for  a  name  will  often,  but  not  always,  be  the 
one  found  using  it  first.  In  every  case  the  question  of  the  propriety 
of  using  the  word  to  denote  gid,  or  infection  with  Mvlticeps  multiceps, 
must  be  referred  to  the  authority  cited. 

Germany. — Rolfinck  1656a,  Vertigo;  Scultetus  1672a,  Wirhling;  Guetebruck  1766a'; 
Drthnigheity  DummlichkeUf  Tauhsucht,  VenUckung  dor  Sinnen;  Batsch  1786a,*  Dreher, 
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*Seegler:  Gmelin  1790a,  Drehen,  Springen;  Stier  1776a,  ^drehende;  Blorh  1782a, 
DrehkrankheU,  *Springer,  *Segler;  Frenzel  1794a,  ^alberUf  Ddmischseyn,  Drehlinge, 
Drehsuchty  Dummheitf  "felbischj  Irregehen^  Kreislauf,  Lf&ppischseyn,  Ringlichtwerden^ 
Schvnndelf  Seglen^  Tawmeln^  Trahen,  Verriichung^  WUrJlichtseyn;  Rohlwes  1813a, 
*Ddhmelerj  *Ringlauferf  *Traber;  Numan  1850b,  Dummsein,  Eibischwerdeiiy  Kopf- 
krankheUfRingUtufeiij  Ringlicht;  Hering  IddStr,  Dippelkrankheit,  Dipplichkeit;  Reynal 
1854b,  *Wwrfler;  Spinola  1868b,  ^IrrlingeTy  *PTophetenf  *Schvnndler,  *Seitlinge;  Blu- 
menbach  1802a,  Queesenkopfe;  Plufikal  1844^^,  Drehe,  ^gebrochenes  Kreuz,  %Gnuh- 
berbrankheitt  Hydrocephalus  hydatideuSf  i Hydrops  hydatibvs  medullse  spinalis,  Hydrops 
hydatideus  ovium,  ^Kfeuzdrehe,  iKreuzlShme,  i  Tabes  dorsalis,  Traberkrankheit;  Ktich- 
enmeister  1855f,  Dreh-Krankheit;  Gurlt  1831a,  ^Atrophia  medullx  spinalis;  Erdt  1870a, 
*Reitbahndreherj  *Zeigerdreher;  Gerlach  1872a,  Kollem;  Putz  1882^-,  *%KreuzdreheT, 
*iKr€U2schlciger,  *  Taumler;  }A6\\eT  1891a,  Drekvmrmkrankheit;  Fried berger  u.  Frohner, 
1904<T,  Blasensckmndel,  Drehbewegung,  Kopfdrehe,  Kreisbewegung,  Manegebewegung, 
Narrisdisein,  Quesenkopf,  Reitbahnbewegung,  Rollbewegung,  ^Schwinder,  Tawnelsiicht, 
Tolpischseinf  WUlzbewegung,  Zeigerbewegung;  Braun,  F.  1906^-,  -fdamisch;  Diem  1906^', 
■twitrfig;  Worbs   1909<r,  ^vmrflig;  Pfab  19100-,  Coenvnis-KrankheU, 

France. — Bloch  1788a,  sauleuse,  Ummeuse;  Moorcroft  1792a,  toumoiementy  vertige; 
Boflc  1816<r,  toumis;  Carrere  1826^,  Umrd;  Numan  1850b,  *Uyurnewrs;  Reynal  1857a, 
avortin,  *cinglewr,  lourderie,  ^troUewr,  *voilier;  Cruzel  1869a,  avertin;  Benion  1874a, 
*portant  au  vent,  iparaplegie  hydatique;  Neumann  1892a,  Stourdissernent,  hydrocSphalCf 
iloumis  lombaire,  vertigo;  Annatage  1895,  itowrdi,  etvrdi. 

England. — Moorcroft  1792a,  gid,  turn;  Home  1795a,  staggers;  Turton  1806^,  dunt, 
rickets;  Schulling  182  Irr,  sturdy;  Youatt  1834<t,  gig,  goggles,  tvmsick;  Veterinarian 
1855<r,  vertigo;  Spooner  1888a,  blob-whirl,  giddiness,  sturdy-gig;  Neumann  1892a, 
ihydatic  paraplegia,  hydatido-cephalus,  hydatid  on  the  brain,  ^lumbar  gid,  ^medullary  gid, 
punt,  tumside;  Armatage  1893ar,  hydrocephalus  hydatidasus;  Armatage  1895,  canuruB 
cerebralis,  hydatids;  Penberthy  1897c,  cxnurosis;  Cave  1903^,  pothery. 

Lapland. — Hoffberg  1759a,  Ringsjuka. 

Ireland. — Bellingham  1844a,  staggers, 

Scotland. — ^M*Call  1857a,  sturdy. 

Holland. — Numan  1850b,  *Draaijers,  Draaiziekte,  *Dravers,  iKruislamheid,  iSchuvr- 
ziekte,  *Zeilers;  Blumenbach  1802a,  Draaikoppen. 

Italy. — Fontana  1784a,  folic,  *fols,  male  vertiginoso,  stomo;  Neumann  1892a,  rer- 
tigine  idatiginosa,  vertigine  per  cenuro. 

Denmark. — Krabbe  1864h,  Dreiesyge. 

Cape  Colony. — Hellier  1894a,  IfaZ-iTop;  Buckley  1904^-,  Malkopziete,  Maikop  Ziekte; 
Hutcheon  1904^',  gid,  sturdy,  tumsick;  Gilchrist  1909ar,  ilumbar-^. 

Argentine  Republic — ^Armatage  1895,  ^moonstruck;  Monfallet  1899^,  locwra 
de  las  ovejas. 

South  Australia. — Dixon  1883a',  crankiness,  tumsick. 

Chile. — Monfallet  18990",  cenurosis,  iparaplejia  hidatica,  tomeo,  tomeo  encefalico, 
Itomeo  lumbar. 

Spain. — Monfallet  18990",  modorra;  Espejo  y  del  Roaal  1905^",  torneo. 

Switzerland. — Retzius  1790a,  1[8turmig. 

United  States. — Livingston  1809a',  dizziness,  staggers;  Clok  18470",  waJterinthehead; 
Verrill  1870d,  gid,  sturdy,  vertigo,  water-brain;  Teller  1879a,  hydatid  in  the  brain,  hydatid 
of  the  brain,  tumsick;  Crutchfield  ISSOo",  hydatid  on  the  brain;  Ki Hebrew  18800",  hyda- 
tids; Stewart  1880a,  giddiness,  tumside;  Powers  1887a,  blind  staggers;  Burch  18950", 
tumsids;  Sommer  1896c,  tumstick;  Campbell  <&  Lacroix  19070",  turn  sickness;  letter 
of  Dr.  Cary  to  Dr.  Treacy,  May  21,  1907,  ^locoed. 

The  writer  finds  that  in  Montana  gid  is  known  as  loco,  lamb  loco,  bug  in  the  head, 
and  blind  staggers,  and  that  giddy  sheep  are  commonly  said  to  be  crazy. 
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To  the  above  list  might  be  added  \epa  uoaoc,  the  Greek  for 
"the  sacred  disease,"  epilepsy,  by  which  Hippocrates  (1825nf)  desig- 
nates various  forms  of  vertigo  in  man  and  animals,  and  under  which 
term  it  is  likely  that  gid  in  sheep  was  known.  There  should  also  be 
added  the  Latin  term,  "tomatio,"  used  by  Acharius  (1782)  but  not 
assigned  to  any  country. 

Unless  an  author  specifies  otherwise,  it  is  assumed  that  a  term  used 
by  him  for  gid  was  in  use  in  the  country  from  which  or  of  which  he 
wrote.  This  accounts  for  the  terms  listed  from  the  United  States 
at  a  time  when  it  is  doubtful  whether  there  was  any  gid  in  this  country. 

As  the  present  writer  has  not  been  in  a  position  to  check  all  errors 
of  spelling  as  such  and  can  not  guarantee  that  they  were  not  local 
variations,  all  names  are  included  as  found,  even  where  it  seems  fairly 
clear  that  there  is  an  error,  as  in  the  case  of  "turnstick"  of  Sonmfier 
(1896c). 

The  term  "locoed"  is  included  on  the  strength  of  Doctor  Gary's 
statement  that  in  his  opinion  it  includes  in  Montana  sheep  that  are 
actually  suffering  from  gid,  and  on  the  evidence  of  Dr.  E.  T.  Davison, 
who  reports  under  date  of  December  21,  1907,  that  he  has  examined 
several  sheep  reported  as  "locoed"  and  found  them  all  infested  with 
the  gid  parasite.  The  writer  has  found  that  giddy  sheep  are  very 
commonly  referred  to  in  Montana  as  locoed,  and  in  one  place,  where 
no  loco  weed  or  loco  disease  existed,  gid  was  known  as  lamb  loco. 

Such  a  term  as  "ringsjuka"  is  included  on  the  possibility,  discussed 
elsewhere,  of  the  disease  in  question  being  gid. 

The  term  "moonstruck,"  referred  to  the  Argentine  RepubUc  by 
Armatage  (1895),  is  presumably  a  translation. 

COMMON    NAMES   OF  THE   GID  PARASITE. 

The  following  list  is  not  complete,  but  covers  the  commoner  names 
used  in  the  more  important  countries,  one  authority  for  the  name 
being  cited: 

Germany. — Blumenbach  1802a,  Die  Qiieese;  Gurlt  1831a,  GemeinschwanZy  Vielkopf; 
Kuchcnmeister  1855f,  Schaafquese;  May  1855a,  Gehim- Vielkopf;  Leuckart  1863a, 
Drehwurm;  Erdt  1870a,  Cccnurusblase;  Zum  1882<t,  Gehimblasenbandwurm^  Gehimbla- 
senwurm,  Gehimqueaey  Quesenhandwurm. 

France. — D'Arboval  1827a,  coenure  cerebrale;  Von  Siebold  1852a,  Ver  du  ioumis; 
Neumann  1888a,  cenure  cerebrale. 

England. — Moorcroft  1792a,  social  hydatid;  Cobbold  1874c,  gid  hydatid,  many  headed 
hydatid;  Cobbold  1874 v,  gid-hydatid  tapeworm. 

Holland. — Blumenbach  1802a,  Herszen-Blaas-Worm;  Numan  1850b,  Vielkop- 
Blaasivorm  der  Hersenen. 

Cape  Colony. — Gilchrist  1909^',  water-bags. 

United  States. — Verrill  1870d,  water  brain;  Stiles  1898a,  gid  bladder  worm. 

A  Scotch  sheepman  in  Montana  refers  to  the  gid  parasite  as  the  "sturdy  bag"  and 
states  that  it  is  commonly  known  by  this  name  in  Scotland. 
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SYNONYMY. 

The  following  table  of  synonymy  is  based  on  over  600  references 
and  is  probably  very  nearly  complete.  The  essential  discussion 
of  the  correct  names  of  the  parasite  has  already  been  given  under 
the  historical  sketch: 

Ocnus  M ULTICBPS  Qo0s«  i^eaa. 

1782.  MuUiceps  Goeze  1782a. 

1782.  Cerebrina  Acharius  1782;  erroneously  substituted  for  MuUiceps. 

1782.  Taenia  veticularis  Goeze  1782a,  pro  parte. 

1786.  Hydatigena  Goeze  1782  of  Batsch  1786a,  pro  parte, 

1788.   F«ncana  Schiank  1788a. 

1790.  HydaJtula  Abildgaard  1790,  pro  parte. 

1798.  Hydatis  Virey  1798a,  pro  parU. 

1800.  PolycephaliLS  2Mer  1800a;  Multiceps  renamed. 

1808.  Coenurus  Rudolph!  1808a;  MuUiceps  and  Polycephalus  renamed. 

1815.  Polycephops  Rafinesque  1815a;  Polycephalus  renamed. 

1818.  Hydatidula  Cloquet  1818a;  misspelling  for  Hydatula. 

1824.  Csenurus  Bremser  1824a,  for  Ccmurus. 

1830.  Cosnwreus  Bory  de  St.  Vincent  1830a;  misprint  for  Ccpnurus. 

1830.  VesicuUaria  Schrank  of  Bory  de  St.  Vincent  1830a;  Bory  de  St.  Vincent  1830a 

is  author  of  Vesicularia;  misspelling  for  Vesicaria. 

1831.  Ccenurs  Gurit  1831a;  misprint  for  Ccmurus. 
1844.  Canurus  Goodsir  1844g;  misprint  for  Ccenurus. 

'1850.  Tsenia  Goeze  of  Diesing  1850a;  in  synonymy  of  Ccenurus;  Linnaeus  1758a  is 

author  of  Taenia. 
1850.  Hydatula  Batsch  of  Diesing  1850a;  in  synonymy;  Abildgaard  1790  is  author  of 

Hydatula. 
[1870.]  Ccenurias  McClure  [18700"];  misprint  for  Coenurus. 
1895.  Cenurus  Armatage  1895;  misprint  for  Ccenurus. 
1900.  Cystotaenia  R.  Leuck.  of  Braun  1900a;  error. 

1902.   Vermis  Bloch  1782a  of  Sherbom  1902a.    See  discussion  of  synonymy. 
1905.  Ccencerus  Vet.  Ed.  Amer.  Sheep  Breeder  1905^;  misprint  for  Coenurus. 
1905.  Caenurus  Cuvier  1825a  of  Stiles  and  Stevenson  1905a;  Bremser  1824a  is  author 

of  Caenurus.    [Schinz,  and  not  Cuvier  (1825a),  should  be  held  responsible 

for  the  use  of  this  form.    See  discussion  of  synonymy.] 

Species  MULTICEPS  MULTICEPS  (Leeke  zTtea)  HaU  xgxo^. 

1780.  Taenia  multiceps  Leske  1780a. 
1780.   Vermis  vesicukaris  sodalis  Bloch  1780a. 
1782.  Taenia  vesicukaris  cerebrina  Goeze  1782a. 
1782.  T.  vesiculariSf  muUiceps  Acharius  1782. 

1786.  Hydatigena  cerebralis  Batsch  1786a. 

1787.  Toenia  globuleux  of  Chabert  1787a,  pro  parte;  misdetermination, 

1787.  Tenia  globuleux  of  Chabert  1787a,  pro  parte;  misdetcrmination. 

1788.  Vesicaria  sodalis  (Bloch  1780a)  Schrank  1788a. 
1790.  Taenia  cerebralis  (Batsch  1786a)  Gmelin  1790a. 

1790.   Tasnia  sodalis  (Bloch  1780a)  Retzius  1790a;  probably  1786a. 

1790.   Taenia  cerebrina  (Goeze  1782a)  Retzius  1790a;  probably  1786a. 

1790.   Taeniae  cerebrinae  Retzius  1790a;  probably  1786? . 

1795.   Taenia  hydatigenia  Home  1795a. 

1795.  Taenia  hydatigena  of  Home  1795a;  error. 

1798.  Hydatis  cerebralis  (Batsch  1768a)  Virey  1798a. 
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1800.  Tamia  vUceralis  muUieeps  Goeze  (1782a)  of  Zeder  1800a;  this  combination  should 

be  attributed  to  Zeder  1800a. 
1800.  Txnia  multiceps  Goeze  (1782a)  of  Zeder  1800a;  this  combination  should  be 

attributed  to  Leske  1780a. 
1800.  Taenia  hydatigena  Pallas  (1766b)  of  Zeder  1800a;  error. 
1800.  Taenia  cerebralis  Syst.  Nat.  Linn.  (1790)  of  Zeder  1800a;»Gmelin  1790a. 
1803.  Hydatula  tocialia  (Bloch  1780a)  Schrank  1803a. 
1803.  Po^ycfp^^t/^  ortntit  Zeder  1803a. 

1803.  Polycephalus  hovinus  Zeder  1803a. 

1804.  Taenia  vesicularis  cerebrina  muliicep$  Goeze  (1782a)  of  Leennec  1804a;  this  com- 

bination should  be  attributed  to  Liennec  1804a. 

1804.  Tcenia  cerebralis  Brugui^of  Liennec  1804a;  this  combination  should  be  attrib- 
uted to  Lsennec  1804a apparently ;  Brugui^e  (1792a)  uses  Taenia  but  does  not 
involve  this  species;  Brugui^e  (1791a)  in  the  accessible  copy  has  this  part 
in  script  and  hence  unreliable;  form  given  is  Thiia  ch&fral^  unscientific. 

1804.  Eydatia  cerebralis  Boec  [1802a]  of  Lsnnec  1804a;  this  combination  should  be 
attributed  to  Virey  1798a. 

1804.  Polycephalus  cerebralis  (Batsch  1786a)  Lsennec  1804a. 

1808.  Coenurus  cerebralis  (Batsch  1786a)  Rudolphi  1808a. 

1810.  Eydatula  cerebralis  Batsch  (1786a)  of  Rudolphi  1810a;  this  combination  should 
be  attributed  to  Rudolphi  1810a. 

1810.  Taenia  vesicularis  Goeze  (1782a)  of  Rudolphi  1810a;  in  synonymy;  is  a  generic, 
not  a  specific  synonym. 

1818.  Eydaiidula  cerebralis  Batsch  (1786a)  of  Cloquet  1818a;  this  combination  should 
be  attributed  to  Cloquet  1818a. 

1818.  Taenia  vesicularis  cerebrina  multiceps  Goeze  [1782a]  of  Cloquet  1818a;  this  combi- 
nation should  be  attributed  to  Cloquet  1818a. 

1825.  Claenurus]  cerebralis  (Batsch  1786a)  Bremser  1824a. 

.[1828.]  CysHcercus  tenuicollis  of  Buzaringuee  [1828a]  in  Reynal  1857a;  misdetermi- 
nation. 

1831.  Ccenurs  cerebralis  (Batsch  1786a)  Gurlt  1831a. 

1833.  Coenurus  cerebralis  Lamarck  and  Rudolphi  of  Rose  1833a;  this  combination 

should  be  attributed  to  Rudolphi  1808a. 

1834.  Cysticercus  tenuicollis  of  Yoiiatt  1834 er. 
1834.  Hydra  hydratula  Linnseus  of  Youatt  1834  a. 
1837.  Polycephalus  ccenurus  Tschudi  1837a. 

1837.  Polycephalus  cerebralis  Cloquet  (1818a)  of  Tschudi  1837a;   this  combination 

should  be  attributed  to  Leennec  1804a. 
1844.  Polycephalus  cerebralis  Y.  of   Pluskal  1844a;    this  combination   should    be 

attributed  to  Laennec  1804a.    [V.=Virey?]. 
1844.  Taenia  vesicularis  cerebralis  G.  of  Pluskal  1844a;  this  combination  should  be 

attributed  to  Pluskal  1844a.     [G.=Gpeze?]. 
1844.  Hydatis  cerebralis  Bl.  of  Pluskal  1844a;  this  combination  should  be  attributed 

to  Virey  1798a.     [Bl.=Blumenbach?] 
1844.  Hydatis  polystomos  medullaris  Pluskal  1844a. 
1844.  *^  Taenia  cerebralis  (Pennant,  Turton)"  of  Bellingham  1844a;  this  combination 

should  be  attributed  to  Gmelin  1790a. 
1848.     Tcenia  vesicularis  Goeze  1782  of  £.  Blanchard  1848e;  this  combination  should 

be  attributed  to  Laennec  1804a,  apparently. 
1848.  Hydratula  cerebralis  (Batsch  1786a)  E.  Blanchard  1848e. 
1850.  Hidatula  cerebralis  Batsch  (1786a)  of  Diesing  1850a;  this  combination  should  be 

attributed  to  Diesing  1850a. 
1850.  Ccmiiruf  Mria/uGervais  (1847a)  of  Diesing  1850a  etal;  misdetermination. 
1850.  Hydatis  cerebralis  Blumenbach  (1802a)  of  Numan  1850b ;  this  combination  should 

be  attributed  to  Virey  1798a, 
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1850.  Tsmia  hydatigena  Fisscher  (1788er)  of  Numan  1850b;  this  combination  should  be 

attributed  to  Pallaa  1766b. 
1850.  Tamia  vesiculaTts  socialis  Goeze  (1782a)  of  Numan  1850b;  this  combination 

should  be  attributed  to  Numan  1850b. 
1850.  Polycephalus  cerebralis,  oviniLs  Zeder  (1803a)  of  Numan  1850b;  this  combination 

should  be  attributed  to  Numan  1850b. 
1850.  //y(fa/t«7)oZy«to7no«meefuZZan8Muskal  (1844)  of  Numan  1850b:  this  combination 

should  be  attributed  to  Pluskal  1844ar. 
1850.  PolycephaliLS  ovium  Numan  1850b. 

1850.  EydatU facialis  of  Dupuy  [Date?]  in  Numan  1850b;  Dupuy  not  available. 
1850.  CwnvTiLS  ceribreux  of  Dupuy  [Date?]  in  Numan  1850b;  Dupuy  not  available. 
1850.  Tsenia  glohuleux  Chabert  of  Dupuy  [Date?]  in  Numan  1850b ;  Dupuy  not  available. 
1850.  Hydatis  cerebralialjemsLrk  of  Dupuy  [Date?]  in  Numan  1850b;  this  combination 

should  be  attributed  to  Virey  1798a. 
1850.  Polycephalus  (CcenuriLs)  cerebralis  (Batsch  1786a)  Numan  1850b. 
1850.  Tsenia  cerebralis ^  vesicularis  von  Siebold  1850a. 
1852.   Taenia  cerebralis  Linn6  of  Reynal  1852a;  this  combination  should  be  attributed 

to  Gmelin  1790a. 
1852.  Polycephalus  ovium  Zeder  (1803a)  of  Reynal  1852a;  this  combination  should  be 

attributed  to  Numan  1850b. 

1852.  Tasnia  multiplex  Leuckart  1852b;  a  corruption  of  Tamia  multiceps. 

1853.  Taenia  cerebralis  Linnseus  of  Baird  1853a;  this  combination  should  be  attributed 

to  Gmelin  1790a. 
1853.  Hydatis  cerebralis  Boec  of  Baird  1853a;  this  combination  should  be  attributed  to 

Virey  1798a. 
1853.  Caenurus  cerebralis  Rud.  of  Baird  1853a;  this  combination  should  be  attributed 

to  Bremser  1824a. 

1853.  Taenia  ccenurus  (Tschudi  1837a)  KQchenmeister  1853e;  first  naming  of  strobila 
form. 

1853.  Taeniae  coenuri  Ktkchenmeister  1853e;  plural  of  Taenia  canurus, 

1854.  Taeniis  camurus  (Tschudi  1837a)  Ktlchenmeister  1854a;  plural  of  Taenia  ccenurus. 
1854.  Taeniae  ccenurus  (Tschudi  1837a)  Ktlchenmeister  1854a;  plural  of  Taenia  canurus. 
1854.   Tenia  ccenurus  (Tschudi  1837a)   Ktlchenmeister  1854h;  misprint  for    Taenia 

ccenurus. 
1854.  Taenia  solium  of  von  Siebold  1854b;  misdetermination. 
1854.   Taenia  serrata  of  von  Siebold  1854b;  misdetermination. 

1854.  T{acnia)  camures  van  Beneden  1854a. 

1855.  Canurus  serdalis  Gervais  (1847a)  of  Goldberg  1855a;  this  combination  should  be 

attributed  to  Goldberg  1855a;  misdetermination  and  misprint. 
1855.  Ilidatula  cerebralis  Batsch  (1786a)  of  Goldberg  1855a;  this  combination  should 
be  attributed  to  Diesing  1850a. 

1855.  Cysticercus  cerebralis  (Batsch  1786a)  Goldberg  1855a;  used  only  in  genitive  in 

Latin  article. 

1856.  Taenia  canurus  v.  Sieb.  of  Leuckart  1856a;  this  combination  should  be  attributed 

to  Kiichenmeister  1853e. 

1856.  T{acnia)  vesicularis  cerebralis  s.  multiceps  Goeze  (1782a)  of  Leuckart  1856a;  this 

combination  should  be  attributed  to  Leuckart  1856a;  see  Pluskal  1844. 

1857.  Tcenia  cerebralis  Linn,  of  Reynal  1857a;  this  combination  should  be  attributed 

to  Laennec  1804a. 

1857.  Polycephalus  oi>inus  Zider  of  Reynal  1857a;  this  combination  should  be  attrib- 

uted to  Zeder  1803a. 

1858.  Tnia  camurus  (Tschudi  1837a)  Baillet  1858c;  misspelling. 

1859.  Tsenia  marginata  Gotze  of  Fuchs  1859a;  error. 

1859.  Taenu  serrata  R.  of  Hering  1859a;  this  combination  should  be  attributed  to 
Hering  1859a;  misdetermination,  misprint. 
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1859.  Taenia  e  ccenuro  Aut.  of  Bering  1859a. 

1859.  Tcenia  ccenurus  (Tscbudi  1837a)  Keller  1859a;  misepelliog. 

1860.  "JSfAtnococci"  of  Crisp  1860a;  error. 

1861.  T{3snia)  ccenura  Koeberl^  1861a;  misprint. 
1861.  T{asnia)  ccenara  Kceberl^  1861a;  misprint. 

1861.  C(ysticercu9)  ccenurus  (Tschudi  1837a)  Koeberl^  1861a. 

1861.   Tenia  canurus  van  Beneden  1861a. 

1863.  Polycephalus  cerehralis  Numan  of  Diesing  1863b;  this  combination  should  be 

attributed  to  Laennec  1804a. 
1863.  Comurus  cerebralia  t  leporis  cunicuH  Baillet  of  Diesing  1863b;  in  synonymy  of 

Tasnia  cecums;  not  at  present  available,  cited  from  Diesing  1864a,  identical; 

this  combination  should  be  attributed  to  Diesing  1863b. 
1863.  Tssnia  (Cystotsenia)  ccenurus  Leuckart  1863  of  Diesing  1863b;  this  combination 

should  be  attributed  to  Diesing  1863b. 
1863.   Taenia  serrata  Siebold  of  Diesing  1863b;  this  combination  should  be  attributed 

to  Goeze  1782a;  error. 
1863.  Taenia  ccenuri  cuniculi  Baillet  of  Diesing  1863b;  this  combination  should  be 

attributed  to  Diesing  1863b;  error. 
1863.  r^ia-«€rrato  of  Letort  1863a. 
1863.  Ttenia  multiplex  G5tze  of  Leuckart  1863a;  this  combination  should  be  attributed 

to  Leuckart  1852b. 
1863.  Hydatis  polycephalus  cerehralis  (Batsch  1786a)  Randall  1863a. 
1866.  Ccenurus  cerehralis  Etlch.  of  Baillet  1866a;  this  combination  should  be  attrib- 
uted to  Rudolphi  1808a. 
1868.  Cysticerciis  caenurus  Desmonceaux  1868a. 

[1870.]  Coenvrias  cerehralis  (Batsch  1786a)  McClure  [1870a];  misspelling. 
[1870.]  Tcenia  solium  of  McClure  [1870^];  error. 

[1870.]  **EchinococcuSf  polymorphus  or  vetrinorium"  of  McClure  [1870ar];  error. 
1874.  Taenia  ovUla  of  B6nion  1874a. 

1877.  Taenia  caenurus' \.  Sieb.  of  Pagenstecher  1877a;  this  combination  should  be 

attributed  to  KQchenmeister  1853e. 

1878.  Ccenurus  cerehalis  von  Linstow  1878a;  misprint. 

1879.  Taenia  cenurus  Teller  1879a;  misprint. 

1879.  Taenia  caenuras  (Desmonceaux  1868a)  Bertolus  et  Chauveau  1879a. 

1879.  Tcenia  caenurus  (Desmonceaux  1868a)  Bertolus  et  Chauveau  1879a. 

1880.  Taenia  multiplex  G5ze  of  Leuckart  1880b;  this  conibination  should  be  attributed 

to  Leuckart  1852b. 

1880.  T{aenia)  visceralis;  cerehrina  EUchenmeister  1880a. 

1880.   Verm,  vesical,  sodalis  (Bloch  1780a)  Ktichenmeister  1880a. 

1880.  Polycephalus  granulosus  Zeder  of  KUchenmeister  1880a. 

1880.  Ccenurus  cerehralis  auct.  of  Moniez  1880a;  this  combination  should  be  attributed 
to  Rudolphi  1808a. 

1882.  Taenia  caenurus  Sieb.  of  de  Lanessan  1882a;  this  combination  should  be  attrib- 
uted to  Bertolus  et  Chauveau  1879a. 

1882.  Caenurus  serialis  (Gervais  1847a)  Perroncito  1882a;  misspelling;  misde termina- 
tion. 

1882.  Caenums  saerialis  Gerv.  of  Perroncito  1882a;  this  combination  should  be  attrib- 
uted to  Perroncito  1882a;  misspelling;  misdetermination. 

1882.  Taenia  ccenurus  canis  ZiXm  1882a. 

1882.  Ccenurus  cerehralis  ovis  Zflm  1882ar. ' 

1882.  Ccenurus  serialis  Baillet  of  ZUm  1882a;  this  combination  should  be  attributed 
to  Gervais  1847a;  misdetermination. 

1882.  Cysticercus  e  Taenia  ccenur.    Zflrn  1882a. 

1885.  Taenia  ccenur.  cerehralis  (Batsch  1786a)  Reinitz  1885a. 

1886.  2|«nia]  camure  Brocchi  1886a. 
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1887.  Tenia  coeunttruz  Besnard  1887a;  xniflBpelling.  [BeBnard  1887a  is  a  review  of 
Besnard  1886a,  not  available  to  me.] 

1893.  T(asnia)  caenusus  Burch  1893^;  misprint. 

1894.  Polycephalus  ovis  Braun  1894a. 

1895.  Cenurus  cerebralis  (Batsch  1786a)  Annatage  1895. 

1898.   Vermis  vesicularis  gocialis  Bloch  1782  of  Stiles  1898a;  this  combination  should  be 

attributed  to  Bloch  1780a. 
1898.  C(enuro)  cerebralis  (Batsch  1786a)  Boeso  1898a. 
1901.  Clystotsenia]  ccmurus  (Tschudi  1837a)  Benham  1901a. 
1901.  Tenia  cantarus  (Deamonceaux  1868a)  Perroncito  1901a. 

1901.  Taenia  ccmurus  Van  Ben.  of  Vaullegeard  1901a;  this  combination  should  be 

attributed  to  (Tschudi  1837a)  KUchenmeiBter  1853e. 

1902.  Ccmurus  cerebralis  bovis  Mayr  1902a. 

1903.  T(smia)  cserunus  Buyason  1903<r;  misprint. 

1903.  Comuxus  cerebrcUes  Law  1903a;  misprint. 

1904.  ''T.  [(Cystotsmia)]  caenurus  Efichenmeister  of  Leuckart  1853''  of  Stevenson 

1904b;  see  Diesing  1863b. 

1905.  Tsmia  mulHceps  (Zeder  1800)  Rudolphi  1802  of  Stiles  and  Stevenson  1905a; 

this  combination  should  be  attributed  to  Leske  1780a. 

1905.  Hydatis  cerebralis  (Batsch  1786a)  Blumenbach  1816a  of  Stiles  and  Stevenson 
1905a;  this  combination  should  be  attributed  to  Virey  1798a. 

1905.  Ccmurus  cerebralis  (Batsch  1786a)  Cuvier  1825a  of  Stiles  and  Stevenson  1905a; 
this  combination  should  be  attributed  to  Rudolphi  1808a;  form  intended, 
apparently,  Caenurus  cerebralis. 

1905.  "T.  [{Cystotamia)]  ccmurus  KQchenmeister  of  Leuckart  1863"  of  Stiles  and 
Stevenson  1905a;  see  Diesing  1863b. 

1905.  Polycephalus  cerebralis  (Batsch  1786a)  Lennec  1812  of  Stiles  and  Stevenson 
1905a;  this  combination  should  be  attributed  to  Lsennec  1804a. 

1905.  ''Hidatula  cerebralis  (Batsch)  of  Goldberg  1855a"  of  Stiles  and  Stevenson  1905a; 
see  Diesing  1850a. 

1905.  MulHceps  sodalis  (Batsch  1786a)  Stiles  and  Stevenson  1905a. 

1905.  Hydatigena  sodalis  Batsch  1786a  of  Stiles  and  Stevenson  1905a;  this  combina- 
tion should  be  attributed  to  Stiles  and  Stevenson  1905a. 

1905.  Cysticercus  coenurus  (Ktlchenmeister  1853)  Koeberl^  1861a  of  Stiles  and  Steven- 
son 1905a;  this  combination  should  be  attributed  to  (Tschudi  1837a)  Koeberl6 
1861a. 

1905.  Tamia  coenunis  (Ki&chenmeister  1853)  v.  Beneden  1861a  of  Stiles  and  Stevenson 
1905a;  this  combination  should  be  attributed  to  (Tschudi  1837a)  KQchen- 
meister 1853e. 

1905.  Camcerus  cerebralis  Vet.  Ed.  Amer.  Sheep  Breeder  1905^;  misprint. 

1908.  Tmia  cenurus  (Teller  1879a)  Germain  1908ar. 

1908.  Tamia  cerebrales  (Law  1903a)  Luckey  1908ar;  misprint. 

1909.  T{amia)  coenums  Braim  1909;  in  Braun  u.  LOhe  1909^;  misprint. 
1909.  Ccmurus  cerebralis  Braun  1909;  in  Braun  u.  Ltihe  1909a;  misprint. 

1909.  Tasnis  cosnurus  (Tschudi  1837a)  Hall  1909^;  misprint. 

1910.  Tamia  comuris  Kildee  19l0ar;  misprint. 

Acharius  (1782)  uses  the  form  T.  vesicularis  muUiceps;  Cerebrina. 
As  Cerebrina  is  substituted  for  MuUicepSj  used  in  generic  sense  in 
Goeze's  (1782a)  Tsenia  vesicularis,  cerebrina;  MuUiceps,  it  has  been 
credited  as  an  erroneous  generic  synonym. 

In  crediting  the  genus  Hydatis  to  Virey  (1798a),  the  prior  use  of 
the  same  word  by  Goeze  (1782a)  has  been  taken  into  consideration; 


Goeze,  however,  does  not  use  it  generically,  but  merely  as  a  common 
houn,  hence  this  word  as  used  by  him  has  no  standing  in  nomencla- 
ture. Stiles  and  Stevenson  (1905a)  in  passing  judgment  on  ^^Hydatis 
Gbeze  1782a/'  given  by  them  in  the  synonymy  of  EchinococcuSy  state 
in  comment,  ''Very  doubtful  whether  this  is  used  in  generic  sense.'' 

Goeze  uses  the  word  HydaHs  to  refer  to  water  bladders,  apparently 
considered  as  nonparasitic,  found  in  animal  bodies;  in  fact,  uses  it 
in  just  the  sense  in  which  Hippocrates  and  other  Greeks  used  the 
same  word  ^^bdaxccj^  meaning  the  same  thing,  a  water  bladder. 
Goeze  denotes  by  it  substantially  the  same  things  that  are  included 
in  the  genus  Acephdlocystis  Lsennec  (1804a),  with  the  essential  differ- 
ence that  the  objects  in  question  are  not  regarded  as  parasites,  and 
hence,  in  this  case,  not  as  animals.  Therefore  the  word  has  no  more 
standing  in  nomenclature  than  the  word  **Wasserblase,"  which  is 
regularly  used  as  its  equivalent.  Larval  cestodes  are  constantly 
referred  to  by  Goeze  in  this  work  as  **Eingeweidebandwurm"  or 
''Blasenbandwurm,"  and  the  generic  and  specific  names  are  summed 
up  in  a  section  which  does  not  include  the  word  Hydatis  and  which 
precedes  any  use  of  this  word.  The  word  Hydatis  is  used  to  denote 
an  object  which  is  compared  to  or  contrasted  with  a  ''Blasenband- 
wurm."  Thus  he  states  that  Taenia  JiydatigeTia  is  very  similar  to 
the  '^Wasserblasen  (Hydatis)."  Again,  he  states  that  the  true 
water  bladders — '*die  eigentlichen  Wasserblasen  (Hydatides)" — are 
very  different  from  the  bladders  in  which  bladderworms,  ''Blasen- 
wurmer,"  live.  In  his  final  use  of  the  word  he  states  that  he  found  a 
bladder,  '* Blase,"  in  the  liver  of  a  pig.  He  adds  that  it  was  no 
'*Wasserblase  oder  Hydatis,"  for  on  opening  it  he  found  the  worm 
in  it.  If  Hydaiis  is  a  genus  at  all  in  Goeze's  work,  it  is  a  genus  of 
larval  cestodes  or  *'Blasenwurmer."  The  references  show  that  it  is 
specifically  differentiated  from  such  forms. 

Sherborn  (1902a)  has  also  referred  the  genus  HydoMs  to  Virey 
(1798a).     Virey  calls  it  a  genus  and  appends  the  generic  characters. 

Sherborn  (1902a)  has  listed  Vermis  as  a  genus  of  Bloch  (1782a). 
Bloch's  genus  is  Vermis  vesicularis,  with  the  three  species  socialis, 
eremikb,  and  tenixformis.  It  therefore  appears  that  the  genus  Vermis 
of  Sherborn  (1902a)  must  be  regarded  as  an  additional  synonym  of 
MvUiceps. 

The  writer  attributes  the  form  Taenia  {Cystotaenia)  ccenurus  to 
Diesing  (1863b),  and  Ciystotaenia)  ccenurus  to  Benham  (1901a)  for 
the  reason  that  so  far  as  can  be  determined,  the  forms  in  question 
are  first  used  by  these  writers.  Leuckart's  (1863a)  responsibility  for 
the  form  Cystotaenia  ends  with  that  form.  The  fact  that  he  pro- 
posed this  as  a  subgenus  may  be  taken  to  imply  its  application  to  the 
forms  falling  within  the  definition  of  this  subgenus,  but  such  appli- 
cation involves  a  certain  judgment  of  cases  which  we  can  not  postu- 
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late  as  perfectly  clear,  and  it  is  too  much  to  suppose  that  Leuckart 
should  be  held  responsible  for  any  or  all  forms  involving  the  name 
Cystotdsma  when  it  may  be  that  a  given  form  is  based  on  a  judgment 
or  an  error  for  which  Leuckart  would  not  care  to  be  responsible. 
When  a  writer  proposes  a  new  genus  or  subgenus  he  has  the  option  of 
also  proposing  the  new  combinations  involved  and  assuming  respon- 
sibility for  them,  or  of  leaving  such  an  act  and  its  responsibility  to 
seme  one  else  and  only  assuming  the  responsibiUty  for  the  genus 
or  subgenus  proposed. 

The  reason  for  crediting  the  use  of  Cmnurus  to  Schinz  (see  Cuvier 
1825a)  and  not  to  Cuvier  (1825a)  is  the  same  as  the  reason  why  Taenia 
cerekralis  is  credited  to  Gmelin  (1790a)  and  not  to  LinnsBus.  Schinz 
has  used  here  forms  not  used  in  the  French  edition  of  1817  of  which 
this  is  an  emended  translation,  and  it  is  obviouslv  unfair  to  hold 
Cuvier  responsible  for  forms  not  used  in  the  original  article. 

HTJLTICEPS  SEBIALIS. 
HISTORICAL   SKETCH. 

It  has  already  been  pointed  out  (p.  38)  that  Lsennec  (1804a)  stated 
that  the  gid  parasite  occurs  in  the  sheep,  the  cow,  and  perhaps  in  the 
rabbit,  and  that  this  reference  to  the  gid  parasite  in  the  rabbit  appears 
to  have  been  based  on  hunters'  reports  of  gid  in  rabbits.  It  has  also 
been  stated  that  Cloquet  (1818a)  included  the  rabbit  as  a  host  of 
the  gid  parasite  without  reservation,  but  his  statement  appears  to 
be  based  on  Laennec's  (1804a  or  1812a)  article  and  is  therefore  of  no 
value.  Neither  of  these  articles,  then,  can  be  considered  as  erroneous 
records  of  Multiceps  serialis  under  the  name  of  Ccenurus  cerehralis. 

The  first  record  of  M,  serialis  is  that  of  de  Blainville  (1828a)  who 
described  a  cyst,  which  he  calls  an  EcJiinococcus,  from  the  peritoneal 
cavity  of  a  wild  rabbit.  He  noted  the  serial  arrangement  of  the 
heads,  which  afterwards  was  made  the  reason  for  the  specific  name, 
and  thought  that  it  might  be  a  new^  species,  or  might  be  E.  t^eterinorum. 
Despite  de  Blainville's  decision  that  the  form  was  probably  EcTiinO' 
coccuSj  his  article  shows  evidence  of  a  misconception  of  that  genus 
and  of  errors  of  observation,  and  it  is  quite  certain  that  the  parasite 
was  Multiceps  serialis.  It  is  so  considered  by  Gervais  and  van 
Beneden  (1859b)  and  by  Railliet  (1882a). 

M,  serialis  is  a  widely  distributed  form,  long  considered  as  M. 
muUiceps  or  confused  with  that  form  by  some  writers.  It  is  of  less 
economic  importance  than  1/.  multiceps  owing  to  its  occurring  in  the 
connective  tissue  and  musculature  of  rodents  instead  of  in  the  cen- 
tral nervous  system  of  wild  and  domestic  ungulates,  as  is  the  case 
with  M.  multiceps. 

Five  years  after  de  Blainville's  (1828a)  record.  Rose  (1833a)  noted 
M.  serialis  in  rabbits  in  England  and  stated  that  warreners,  before 
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sending  affected  rabbits  to  market,  punctured  the  tumor  caused  by 
the  parasite  and  squeezed  out  the  fluid.  Rose  described  the  pro- 
duction of  daughter  vesicles  by  budding,  but  did  not  find  this  or 
any  other  feature  a  sufficient  structural  diflference  between  this  para- 
site and  the  gid  parasite  to  warrant  making  a  new  species.  Later, 
Rose  (1844a)  described  a  new  case  and  discussed  the  cyst  surroimd- 
ing  the  parasite  and  the  external  budding  of  the  latter. 

Leblond  (1837a)  notes  that  Dr.  Emmanuel  Rosseau  sent  him  a  cyst 
a  little  larger  than  a  nut  from  between  the  spinal  membranes  of  a 
rabbit.     Leblond  identified  the  parasite  as  Ccenurua  cerebralis. 

Leblond's  specimen  was  later  examined  by  Gervais  (1847a),  who 
makes  a  new  species  of  it  on  the  basis  of  the  serial  arrangement  of 
the  heads  and  the  long  folded  neck.  From  the  first  feature  he 
named  it  Ccenurus  serialis.  RailUet  (1889o)  refers  this  name  to  an 
article  intheDictionnaireUniverseld'HistoireNaturelle  (v.  6,p.  729), 
under  date  of  1845.  This  reference  is  correct  for  the  date  1861, 
but  there  appears  to  be  no  such  reference  for  1845,  and  it  is  possible 
that  Railliet  has  erred  in  giving  this  date.  Gervais  calls  his  form 
Ccenurus  serialis  n.  sp.  in  1847,  and  it  seems  likely  that  this  is  the 
date  of  its  first  description.  Stiles  and  Stevenson  (1905a)  appear 
to  have  followed  Railliet  in  citing  ^^  Ccenurus  sgriaZi*  Gervais,  1847a, 
98;  probably  1845,  729,  not  accessible  to  us." 

Baillet  (1858b)  produced  the  adult  tapeworm  in  the  dog  by  feeding 
the  coenurus  from  the  rabbit,  and  described  it  but  did  not  name  it, 
as  both  the  adult  and  larva  seemed  very  similar  to  the  corresponding 
forms  of  the  gid  parasite.  Feeding  experiments  in  which  the  attempt 
was  made  to  infect  rabbits  and  sheep  with  the  proglottids  of  the 
adult  tapeworm  were  not  well  carried  out  and  showed  nothing. 

Later,  Baillet  (1863a)  produced  the  tapeworm  again  and  named 
it  Taenia  serialis,  Proglottids  with  developed  eggs  were  fed  to 
rabbits  and  produced  the  ccenurus.  Ten  attempts  to  infect  rabbits 
with  the  eggs  of  the  adult  MuUiceps  muUiceps  and  five  attempts  to 
infect  sheep  with  the  eggs  of  the  adult  MuUiceps  serialis  failed. 
Baillet  gives  a  very  full  description  of  the  adult  and  larval  M.  serialis. 

Perroncito  has  stood  out  against  the  validity  of  this  species.  He 
records  (Perroncito,  1875a)  a  coenurus  from  a  rabbit,  and  although  he 
finds  a  yellow  color  present  which  he  does  not  find  in  the  cerebral 
coenuri  of  ruminants,  he  nevertheless  considers  that  all  ccenuri  arise 
from  Tsenia  coenurus.  Later,  Perroncito  (1882a)  finds  the  only  dif- 
ference between  the  rabbit  and  sheep  coenuri  to  be  in  the  formation 
of  daughter  vesicles  in  the  former,  and  still  considers  them  the  same 
species.  At  a  quite  recent  date  (Perroncito,  1901a),  this  opinion  is 
still  adliered  to.  The  same  opinion  has  been  expressed  even  more 
recently  by  Friedberger  und  Frolmer  (1904^^). 
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A  careful  study  of  M,  serialis  was  made  by  Reinitz  (1885a),  who 
concluded  that  Lindemann^s  (1867a)  CoRnurus  lowzoroi  was  M. 
sencdisj  but  that  Boettcher's  (1862a)  Cysticercus  botryoides,  Pagen- 
stecher's  (1877a)  coenurus  from  Myopotamus  coy  pus  ^  and  M6gnin's 
(1880d)  Ccenurus  polytuberculosua  from  Dipus  sagiMa  were  not. 

KunsemiiUer  (1903a)  has  made  an  excellent  comparative  study  of 
M.  serialis  and  M,  cerebralis. 

Brandegee  (1890a)  records  the  parasite  from  the  United  States  and 
notes  that  two  species  of  rabbits  were  never  found  infected,  though 
hundreds  were  examined,  only  the  California  hare  being  infected. 
She  surmises  that  the  wolf  is  a  probable  host,  and  the  coyote,  lynx, 
and  fox  possible  hosts  of  the  adult  cestode. 

THE  HOSTS  AND  OCCURRENCES  OF  THE  LARVAL  MULTICEPS   SERL4LIS. 

Inasmuch  as  the^list  of  doubtful  and  erroneous  records  is  very 
short,  such  cases  are  included  here  with  the  certain  and  probable 
cases  and  their  standing  given  in  the  discussion.  No  attempt  is 
made  to  distinguish  between  hares  and  rabbits  in  the  following  list. 
They  ate  all  listed  as  rabbits. 

List  of  occurrences  claimed  for  the  larval  Multtceps  serialis. 


Host. 


Rabbit 

Rabbit  {LepU9  euiU- 

culus). 
Rabbit 

Do 

Do 


Do. 
Do. 


Squirrel 

Rabbit 

Rabbit  (L.  ft  fnidtw). 


Rabbit. 
Do. 


Do. 
Do. 

Do. 
Do. 


Coypu     ( Afyopota- 

mu8  copptu). 

Rabbit 

Squirrel      (Sciurus 

vulpinuaf). 
Rabbit 


Kllppdas  ( Hyrax  ca- 

pensis). 
Gray  squirrel 


Rabbit. 


Locality 


France.. 
England. 

France.. 
England. 
France.. 


.do. 
.do. 


England 

United  States  (?). 
Russia 


France. 
....do.. 


Italy 

England . 

Scotland . 
France.., 


Germany. 

Italy 

England. 


England  (?).. 

Not  given 

United  Stat<»s. 
do 


Authority. 


De  BlalnvlUo  1828a.... 
Rose  1833a 


Leblond  1837a. 

Rose  1844a 

Gervals  1847a.. 


Baillet  1858b. 
Balllct  1863a. 


Cobbold  1864b.... 
Valentin  (date?). 
Llndemann  1867a 


Troisier  1874a. 
Arlolng  [18757] 


Perroncito  1875a. 
Cobbold  1876b... 


do 

Davaine  1877a. 


Pagenstecher  1877a. 


Perroncito  1878h. 
Cobbold  1879b... 


do 

do 

Stewart  1880a. 
do , 


Notes  and  comments. 


One  case. 

A  number  of  cases  implied. 

One  case  from  vertebral  canal. 

One  new  case. 

Leblond's  8i)eclmen  described  as  a  new 

species. 
Produced  adult  worm  in  does. 
Produced  adult  and  larvalworm  by 

feeding;  foiled  to  infect  sheep  with 

eggs  of  M.  anialis  or  rabbits  with 

eggs  of  M.  muUicepB. 
Host  from  America. 
Not  seen;  cited  from  Leuckart  ( 1866a. ) 
DescribcKl    as    Ccmurtu   lowtowi;  not 

available;  considered  by  subsequent 

writers  as  M.  serialis. 
One  case. 
Per  Rallliet  1882a;  Arlolng  in  Brunet 

187Ga  does  not  claim  to  have  found  it. 
One  case. 
Rose's  specimens  In  Guy's  Museum  and 

some  in  Oxford  collection. 
One  specimen  In  Cobbold 's  collection. 
One  case  recorded  and  others  claimed; 

specimen  exhibited  first  shown  by 

Baillv  in  1861;  claims  that  Prince  has 

found  this  form  In  France. 
From  Berlin  Zoological  Gardes. 

Listed  from  title;  article  not  available. 
Same  case  as  Cobbold  (1864b). 

Note  that  Alston  has  found  coenunis  In 
rabbit. 

Error,  due  to  confusing  records  of  Ger- 
vals (1847a)  and  Pagenstecher  (1877a). 

I'robably  a  reference  to  Cobl)old^ 
(1864b)  case. 

Claimed  to  occur;  no  cases  or  aatbozltleB 
cited. 


OCCTJBBENCES  OF  MX7LTICEPS  SEBIAUS. 


59 


Lift  of  occurrences  claijned/or  the  larval  Multiceps  serialis — Contin^ied. 


Host. 


Squirrel     (Sdunu 

mUgarit). 
Rabbit 


Do. 
Do. 
Do. 
Do. 
Do. 


Rabbit 

Rabbit  (LepiMCoU- 

fonUau). 
Rabbit 


Do. 


Do 

Rabbit   {L.   oaHo- 

hUU). 
Rabbit  (L.  cuO^or- 
Aiciw  and  L.  texi- 
anu9). 

Rabbit 

Do 


Do. 
Do. 

Do. 
Do. 


Do. 
Hone.. 


Rabbit 

Rabbit  (X/.  ooUotis) 
Rabbit    (L.    euni- 

tuhui). 
Rabbit 


Do. 

Do. 
Do. 


Do 

Do 

Rabbit    {L.    cuni- 

euluB  domeHkut). 

Rabbit 

Do 

Do 

Do 

Goat 

Do 

Rabbit 

Cat 

Bquiirel 

Sbeep 

Hone 

Rabbit  (L.  ea^for- 

nieut). 
Rabbit 


Ooat. 


Rabbit 

Do 

Do 

Do 

Rabbit  (Orpctolagw 

eunieuins). 
Rabbit 


"Sage  rabbit''. 
Rabbit 


Locality. 


Franoe. 
do.. 


Italy 

Germany  (7). 
Russia  (?)... 

Franoe 

....do 


New  Zealand., 
United  States. 


Franoe. 
....do.. 


do. 

Russia. 


United  States. 


England. 
Italy.... 


Japan.. 
France. 


.do. 
.do. 


United  States. 
do 


Italy 

United  States.... 
Not  North  Amer- 
ica. 
France 


.do. 


....do.. 
Siberia. 


Italy 

France 

Germany(7) 


England , 

.....do , 

United  States. 

Scotland 

India 

do 

Noteiven 

y/.'.do'.V.'.'..'.'.. 


....do 

....do 

United  States. 


.do. 


India. 


Switzerland 

England 

France 

New  South  Wales. 
Victoria?) 


United  States. 

....do 

United  States. 


Authority. 


Notes  and  comments. 


Cagny  1882a. 
do 


Perronclto  1882a. 

Braun  1885c 

Relnltsl88te.... 
HallUetlSSOn... 
RaUUet  18890.... 


Thomas  1889a.... 
Brandegee  1890a.. 


Villain    and 

1890a. 
Leclerc  1890ki. 

Rallliet  18911. 
Volgt  1881a... 


Bascou 


Curtice  1892g. 


Robinson  1892a 

Condorelli-M  a  u  g  e  r  i 
1893a. 

Janson  1893c 

M^gninl885 ^... 


Luoet  1897b.. 
Vignonl897a. 


Ward  18OT  b. 
Stiles  1898a.. 


Bosso  1898a... 

Hassall  1898a. 

do 


Rallliet  1899b. 
Morot  1900c.. 


Oalller  1900a 

Von  LInstow  1901e. . . 

Paronal902f 

Buysson  1903a 

KunsemiUler  1903a. . . 


Byerly  1905a 

Jowettl905^ 

Ransom  1905d... 

Taylor  1906a 

Oalger  1907a 

Holterbach  1907a, 

do 

do 

do 

do 

do 

S.  E.   Piper,  in 

Apr.  14.  1908. 
Curtice,  in  lltt.  July 

26,1909. 
Dey  1909a 


litt. 


Galll-Valerlo  1909a 

Gray  1909a 

Henry  1909a 

Johnston  1909a 

Sweet  1909o 


Dr.    Young    in    litt. 

Oct.  9,  1909. 
Thofi.  Large,  in  lltt. 

Jan.  6, 1910. 
Halll910i? 


One  case. 

One  specimen  exhibited  by  RalUiet  in 
discussion. 

Number  of  cases  not  given. 

One  specimen. 

Three  specimens  studied. 

One  case. 

Second  spinal  case;  simultaneous  con- 
nective tissue  Infection  with  9  other 
coenurl. 

Not  available;  cited  from  Braun  (1894a). 

Many  cases  in  California;  paper  read  In 
1882. 

Not  available;  cited  fh>m  Morot  (1900c); 
one  case. 

Not  available;  dted  from  Morot  (1900c); 
several  cases. 

One  case;  parasite  lived  over  2  years. 

One  case. 

Number  of  eases  not  given;  in  Texas 
and  California. 

One  case;  soolioes  with  6  suckers. 
One  case;  under  pericardium. 

One  case;  listed  as  Comurut  cerebrali*. 
Not  available;  cited  from  Morot  (1900c); 

several  cases. 
One  case;  28  coenurl. 
Not  available;  cited  from  Morot  (1900c), 

who  considers  Vignon's  EdUnococcua 

a  coenurus. 
Common  in  Nebraska. 
Doubtful  case,  already  noted  under  Jbf. 

muUicept. 
One  case. 

Specimens  seen  by  StUes  or  Hassall. 
Do. 

Specimen  with  many  abnormal  sco- 
nces. 

Four  CQses  with  4, 11, 20,  and  70  coenurl, 
in  each  host;  1  in  eye  orbit. 

One  case. 

Four  specimens  in  St.  Petersburg 
museum. 

Two  cases. 

One  case. 

One  case;  specimen  collected  in  1874. 

One  case. 
Has  found  it. 

Specimen  No.  1^23  figured. 
Two  cases. 

Do. 
Note  of  Gaiger's  (1907a)  case. 
Sic. 

Sic;  error. 
Sic. 

Sic;  error. 
Sic. 
In  Nevada;  several  ccenurl  fed  to  dog. 

In  Colorado  and  California  In  1887  and 

1888. 
One  case:  cysts  In  brain  and  connective 

tissue. 
One  case;  1  specimen  showed  6  suckers. 
Has  seen  It  In  eye  orbit. 
Coenurus  attained  volume  of  800  c.  c. 
Listed. 
One  case. 

In  North  Dakota. 

In  Idaho. 

This  article. 
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The  following  specimens  of  M,  serialis  from  the  United  States  are 
available  to  the  writer. 


Host. 

Locality. 

Collector  and  date. 

Collection. 

Leput  calif omicus 

California 

Curtice  1890 

B.  A.  I.  coll.  No.  1823. 

Leuus  9V 

New  Mex  co 

(7)1894 

B.  A.  I.  coll.  No.  1826. 

Levu9  caUotis 

Townsend  1896 

(?) 
Haywardl904 

B.  A.  I.  coll.  No.  2798. 

Lernu  sv 

(?) 
Minhtg^Q 

B.  A.  I.  coll.  No.  2608. 

Do 

B.  A.  I.  coll.  No.  3948. 

Lepu8  califomieus 

California 

Adams  1906 

B.  A.  I.  coll.  No.  3880. 

Lepus  c.  walla-walia 

Oregon 

Piper  1907 

B.  A.  I.  coll.  No.  14728. 

Do 

Do 

do 

do 

do 

do 

B.  A.  I.  coll.  No.  14729. 
B.  A.  I.  ooU.  No.  14730. 

Lepus  tv 

Nevada 

Hall  1910... 

Young  1905 

B.  A.  I.  coll.  No.  15599. 

Do 

Nebraska 

Coll.  Hall. 

1 

The  first  of  the  above  lists  shows  that  MuUiceps  seriaXis  has  been 
claimed  to  occur  in  the  hare,  rabbit,  squirrel,  coypu,  goat,  horse, 
klippdachs,  sheep,  and  cat.  Records  of  its  occurrence  in  the  hare 
and  rabbit  are  undoubtedly  correct,  the  records  from  the  squirrel 
are  probably  correct,  those  from  the  coypu  and  goat  may  be  correct, 
the  record  from  the  horse  is  doubtful,  as  heretofore  indicated,  and 
those  from  the  hyrax,  sheep,  and  cat  are  errors. 

Cobbold  (1864b)  foimd  a  coenurus  in  an  American  squirrel,  Sciurus 
vulpinus'i,  which  he  thought  might  be  the  same  species  that  Rose 
(1833a)  found  in  ''bladdery  rabbits.''  This  conclusion  appears  to 
be  substantiated  by  the  subsequent  finding  by  Cagny  (1882a)  of  a 
coenurus  in  a  squirrel,  Sciurus  vulgaris,  which  had  been  caught  young 
and  kept  three  years.  Cagny's  specimen  was  examined  by  M6gnin 
and  Railliet  who  pronounced  it  Coenurus  serialis.  Kunsemiiller 
(1903a)  thinks  Cobbold's  coenurus  may  be  C,  serialis.  If  these 
authorities  are  right  in  their  identification  of  this  parasite,  its  rarity 
in  this  host  is  to  be  expected,  as  the  squirrel's  food  is  of  such  a  nature, 
consisting  as  it  does  largely  of  nuts,  that  fecal  contamination  by 
carnivorous  hosts  of  the  adult  worm  would  only  occur  very  rarely. 

Stewart  (1880a)  writing  from  the  United  States,  says:  "The 
presence  of  this  parasite  [Coenurus  cerehralis]  has  been  discovered  in 
the  liver  of  our  gray  squirrel  and  in  rabbits,  as  well  as  in  numerous 
sheep  in  this  country."  It  is  probable  that  the  allusion  to  the  para- 
site from  the  squirrel  is  a  reference  to  Cobbold's  (1864b)  case  of  a 
coenurus  in  an  American  squirrel.  The  reference  to  coenurus  forms 
having  been  found  in  American  rabbits  seems  likely  enough  from 
our  knowledge  of  the  common  occurrence  of  M.  serialis  in  this 
country,  but  Stewart's  record  is  uncertain,  as  he  does  not  claim  to 
have  seen  such  a  parasite,  nor  does  he  cite  anyone  who  has. 

Lindemann  (1867a),  according  to  a  review  by  Rudnew  (Linde- 
mann  1868b),  described  a  Canuras  lowzcnvi  from  the  rabbit  in  Russia, 
in  an  article  not  available  to  the  writer.  This  has  since  been  very 
generally  regarded  as  G.  serialis  by  helminthological  writers,  among 
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whom  are  Pagenstecher  (1877a),  Moniez  (1880a),  Braun  (1897a), 
and  KunsemQller  (1903a).  The  review  of  1868  says  there  were  no 
hooks  m  this  form  but  other  writers  say  the  hooks  were  all  the  same 
size.  Pagenstecher  (1877a)  says  they  were  all  the  same  size  and 
finds  the  same  thing  in  one  scolex  of  his  coenurus  from  Myopotamus 
coyjms.  Moniez  (1880a)  says  the  same  and  considers  it  either  an 
error  in  observation  or  a  teratological  fact.  RailHet  (1899b)  has 
found  a  ^eat  number  of  abnormalities  in  Multiceps  seridlis.  In 
view  of  this  fact  and  the  unanimity  of  opinion  concerning  this  form 
it  has  been  accepted  here  as  M,  serialis. 

Pagenstecher  (1877a)  describes  a  coenurus  which  he  identifies  as 
Ccmurus  seridlis  from  the  neck  of  Myopotamus  coypus.  Reinitz 
(1885a)  and  Braun  (1897a)  think  this  form  from  the  coypu  is  not  M. 
serialis.  Moniez  (1880a)  and  Railliet  (1882a)  accept  it  as  Jf.  serir- 
alisy  and  Kunsemtiller  (1903a)  states  that  he  agrees  with  Moniez 
and  Railliet  and  disagrees  with  Reinitz  and  Braun.  In  view  of 
this  disagreement,  the  form  is  provisionally  accepted  as  M.  serialis, 
as  originally  described. 

Cobbold  (1879b)  has  the  following: 

The  klipdas  or  dasse  (Hyrax  capensia)  is  infested  by  a  tapeworm.  *  *  *  Under 
the  name  of  Caniarus  serialis  a  larval  cestode  has  been  described  by  Gervais,  the 
same  parasite  being  called  ArhynchoUenia  critica  by  Pagenstecher  ("Zur  Natur- 
geschichte  der  Ceetoden."    *    *    *). 

In  the  index  this  appears  as  '*  Canurus  serialis  of  the  hyrax." 

Cobbold  is  in  error  in  stating  that  Gervais  described  Canurus 
serialis  from  the  hyrax.  As  has  been  pointed  out,  his  specimen  was 
from  the  rabbit.  Moniez  (1880a)  notes  that  Cobbold  has  confused 
Pagenstecher's  (1877a)  statements,  and  Railliet  (1882a)  has  stated 
that  Cobbold  has  listed  C.  serialis  from  Hyrax  capensis  as  a  result  of 
some  confusion. 

Gaiger's  (1907 or)  and  Dey's  (1909<ar)  records  of  M,  serialis  from  the 
goat  in  India  are  provisionally  accepted;  a  more  extended  discus- 
sion of  these  and  other  forms  will  be  given  in  a  subsequent  paper 
dealing  in  part  with  the  morphology  of  Multiceps  spp.  Holterbach's 
review  of  Gaiger's  (1907^)  paper  contains  a  number  of  errors  in  the 
list  of  hosts  of  M,  serialis. 

The  list  of  occurrences  shows  that  the  parasite  has  been  reported 
from  France,  England,  Scotland,  Italy,  Russia,  Siberia,  Switzerland, 
Australia,  New  Zealand,  Japan,  India,  and  the  United  States. 
Whether  the  parasite  occurs  in  Germany  is  doubtful.  Pagenstecher's 
(1877a)  coenurus  was  collected  from  a  coypu  in  the  Berlin  Zoological 
Garden,  and  hence  the  origin  of  the  parasite  is  in  doubt.  Reinitz 
(1885a)  does  not  state  where  his  three  specimens  were  collected, 
but  says  that  one  was  the  specimen  discussed  by  Braun  (1883c) 
before  the  Dorpat  Naturforscher  Gesellschaft  and  the  other  two 
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were  from  Prof.  Seminer.  Braun  (1883c)  says  of  the  specimen  men- 
tioned that  he  owes  it  to  'Mem  Herm.  stud.  med.  Hasenjager," 
from  which  it  would  appear  that  it  was  collected  in  Germany.  Later, 
however,  Braun  (1897a)  lists  the  parasite  from  Russia  on  the  authority 
of  Reinitz  (1885a)  and  Voigt  (1891a),  but  in  giving  the  distribution 
of  this  form  he  does  not  mention  Germany.  Still  later,  Braun  (Braun 
u.  Liihe,  1909ar),  writing  of  the  tapeworms  of  the  .domestic  animals, 
refers  to  ^'Die  in  Deutschland  noch  nicht  wohl  aber  in  Frankreich 
beobachtete  und  sicher  auch  in  Russland  bei  Himden  workom- 
menden  T,  serialis  Baill."  On  the  face  of  it,  this  statement  can 
hardly  be  taken  to  mean  more  than  that  the  adult  T.  serialis  has  not 
yet  been  observed  in  dogs  in  Germany,  and  Braun's  English  translator 
(Braun  u.  Liihe,  1910a)  does  not  seem  to  have  sufficient  reason, 
especially  as  regards  Germany  for  the  statement  that  **  T,  serialis 
Baill.  *  *  *  occurs  in  dogs  in  France,  and  probably  also  in 
Russia,  though  not  in  Germany."  Kunsemuller  (1903a)  does  not 
give  any  locality  for  his  specimens. 

The  common  occurrence  of  M.  serialis  in  rabbits  in  the  western 
part  of  the  United  States  makes  it  unlikely  that  this  parasite  was 
imported  into  this  country  from  the  Old  World,  while  its  wide  dis- 
tribution abroad  and  its  apparent  absence  from  the  eastern  part  of 
this  country  makes  it  equally  unlikely  that  it  was  carried  abroad 
from  this  country.  Its  presence  in  Oregon  and  in  Siberia  points  to 
the  strong  possibility  of  its  having  spread  by  way  of  far  northern 
routes  over  its  present  wide  range  of  distribution. 

M,  serialis  has  been  recorded  from  the  vertebral  canal  by  Leblond 
(1837a)  and  Railliet  (1889o),  in  the  latter  case  with  an  accompanying 
infection  of  the  more  usual  connective-tissue  locations.  It  has  been 
recorded  from  the  pericardium  once  by  Condorelli-Maugeri  (lS93a), 
from  the  eyelid  by  Byerly  (1905a),  and  from  the  orbit  of  the  eye  by 
Gray  (1909 or),  and  by  Mr.  S.  E.  Piper  of  the  Bureau  of  Biological 
Survey  of  the  Department  of  Agriculture  in  data  furnished  the  writer. 

The  number  of  parasites  varies  from  one,  a  very  common  record, 
to  70  in  one  case  of  Morot  (1900c),  and  in  size  the  cyst  may  attain 
a  volume  of  800  c.  c,  as  in  the  case  of  Henry  (1909ar).  The  parasite 
may  live  over  two  years  according  to  Railliet  (1891i).  Abnormal 
specimens  have  been  noted  by  Pagenstecher  (1877a)  from  the  coypu, 
by  Robinson  (1892a),  Railliet  (1899b),  and  Galli-Valerio  (1909«), 
from  the  rabbit,  and  Lindemann's  (1867a)  specimen  was  probably 
such. 

Successful  operations  for  the  parasite  have  been  noted  by  Railliet 
(1889n)  and  Byerly  (19050^). 

Mr.  Piper,  who  has  furnished  the  Bureau  collection  with  speci- 
mens as  noted  above,  has  also  furnished  us  data  stating  that  the 
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parasite  was  found  in  7  out  of  12  rabbits  examined  in  Oregon,  a  pint 
of  cysts  being  taken  from  the  peritoneal  cavity  of  one.  Mr.  Piper 
also  collected  M.  serialis  in  Nevada  in  1908,  as  noted  in  the  table, 
and  fed  a  number  to  a  dog.  The  dog  was  shipped  to  this  laboratory, 
but  did  not  develop  the  adult  parasite,  probably  owing  to  diarrhea 
resulting  from  intestinal  irritation  by  too  many  scolices.  The  writer 
has  smpe  collected  M.  serialis  in  Nevada,  and  developed  the  adult 
worm  by  feeding  scolices  to  a  dog.  Mr.  Graybill,  of  this  laboratory, 
has  also  collected  M.  serialis  in  Texas  and  fed  it  to  a  dog.  Doctor 
Young,  of  the  University  of  North  Dakota,  writes  under  date  of  Octo- 
ber 9,  1909,  that  there  is  a  specimen  in  the  university  collection, 
unlabeled,  and  that  rabbits  which  appear  to  be  infected  are  seen  in 
North  Dakota;  he  himself  has  seen  such  a  rabbit.  Doctor  Shantz, 
of  the  Bureau  of  Plant  Industry,  has  seen  such  rabbits  in  Kansas  and 
Colorado,  and  Mr.  E.  F.  Chilcott  of  the  same  Bureau  says  they  are 
common  in  South  Dakota. 

Kaupp's  (1910a)  statement  that  M.  serialis  is  not  common  in  the 
United  States  is  hardly  accurate.  In  certain  Western  States  it  is 
very  common. 

The  occurrence  of  the  larval  parasite  in  the  muscles  of  its  host, 
especially  m  the  leg  muscles,  a  common  site,  and  its  occurrence  in 
such  relatively  enormous  sizes,  numbers,  or  quantities  as  are  given 
in  the  more  extreme  cases  of  Henry  (1909a),  Morot  (1900c),  and  Mr. 
Piper,  may  be  looked  upon  as  an  adaptation  favorable  to  the  parasite, 
serving  to  impede  the  locomotion  of  the  secondary  host  and  so 
increase  the  likelihood  of  its  being  captured  by  some  carnivore  which 
may  serve  as  the  primary  host  of  the  parasite.  Brandegee  (1900a) 
has  also  pointed  out  the  presence  of  an  adaptation  here. 

THE   OCCURRENCES   OP  THE   ADULT   MULTICEPS   SERIALIS. 

The  dog  is  the  only  host  in  which  the  adult  Mnlticeps  serialis  has 
been  found  or  produced.  Thomas's  (1889a)  attempts  to  infect  cats 
and  ferrets  by  feeding  them  the  larval  cestodes  failed,  according  to 
Braun  (1894a),  and  a  surmise  such  as  that  of  Brandegee  (1890a)  that 
the  wolf,  coyote,  lynx,  and  fox  may  act  as  hosts,  has,  of  course,  only 
the  value  of  a  surmise.  At  the  same  time,  Baillet  (1866b)  early 
called  attention  to  the  fact  that  the  larval  parasite  was  found  in  the 
wild  rabbit  more  commonly  than  in  the  domestic  rabbit,  and  sur- 
mised that  the  usual  host  was  some  wild  carnivore. 

Galli-Valerio  (1909a)  failed  to  develop  the  adult  worm  on  ingesting 
two  living  heads  from  the  larval  parasite.  The  writer  also  has 
similarly  failed  to  develop  the  adult  worm  on  ingesting  three  living 
heads  from  the  larval  parasite. 
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List  of  occurrences  of  the  adult  Multiceps  serialis  in  the  dog. 


Locality. 


France 

Do 

Do 

Dq 

Italy 

Do 

New  Zealand 

France 

Japan 

France 

North  America... 

Do 

United  States.... 

Do 

Do 

Australia 

United  States.... 

India 

New  South  Wales 
United  States 


Authority. 


BaiUet  1868b 

Bailletiseaa 

Balllet  1866b 

Bertolus     and     Chauveau 

1879a. 
Ferrondto  1878a 

Perrondto  1882a 

Thomas  1889a 

Neumann  1892a 

Janson  1893c 

Railliet  1893a 

Ward  1886b 

Sommer  1886c 

Ward  1897b 

StUes  1898a 

Stevenson  1904b 

Cobb  1905a 

Ransom  1905d 

Gaiger  1907a 

Johnston  1909a 

Hall  1910^ 


Notes  and  comments. 


By  experiment. 

Do. 
Found  several  times. 
One  case  in  a  cosmopolitan  *'dog  of  the  raiment." 


Not  available;  based  on  Railliet's  (188aa)  state- 
ment that  Perroncito  failed  to  infect  sheep  from 
CotnuTua  serialis. 

By  experiment. 

Not  available;  cited  fjrom  Braun  (1894b);  by  ex- 
periment. 

Several  times. 

By  experiment. 

By  experiment'  claimed  that  Neumanm  has  also 

£roauced  it;  I  can  not  verify  claim, 
ted. 
Stated  on  the  authority  of  Stiles. 
One  case  out  of  20  dogs  in  Nebraska;  others  im* 

plied. 
Parasite  seen  by  Stiles. 

Two  cases  out  of  35  dogs  in  Nebraska;  20  speci- 
mens. 
One  specimen;  identification  not  positive. 
Specimen  No.  2839  figured. 
By  experiment. 
Rare. 
This  article. 


ECONOMIC    IMPORTANCE. 

As  has  been  stated,  MuUiceps  serialis  is  of  comparatively  little 
economic  importance.  It  deserves  attention  from  an  economic  stand- 
point largely  because  some  scientists,  especially  the  ItaUan,  insist  on 
identifying  it  with  the  highly  important  M,  multiceps. 

Rose  (1833a)  states,  as  before  mentioned,  that  when  warreners 
meet  with  infested  rabbits  they  puncture  the  bladder,  squeeze  out 
the  fluid  and  send  the  animal,  to  market.  According  to  Martel 
(1909ar),  this  custom  of  puncturing  through  the  skin  of  infected  rab- 
bits is  still  in  vogue  in  France.  While  the  idea  of  eating  the  parasite 
is  not  a  pleasing  one,  the  danger  from  doing  so  is  negligible  as  the 
parasite  is  apparently  not  transmissible  to  man^  as  Galli-Valerio's 
(1909a)  and  the  writer's  experiments  along  this  line  indicate.  Moreau 
(1909a)  in  a  note  on  abattoir  inspection  in  France,  lists  muscular  coe- 
nurosis  of  hares  and  rabbits  as  sufficient  cause  for  total  condemnation  of 
the  carcass,  but  probably  this  practice  would  only  be  followed  in  such 
cases  as  those  listed  by  Morot  (1900c),  where  rabbits  were  condemned 
owing  to  infestation  with  11,  20,  and  70  coenuri  each.  In  Morot's 
cases,  a  rabbit  infested  with  only  4  coenuri  was  returned  for  food 
after  the  removal  of  the  diseased  parts.  The  writer  finds  that  in  the 
western  United  States  the  carcasses  of  rabbits  infected  with  M.  serialis 
are  thrown  away  as  unfit  for  food. 
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SYNONYMY. 

The  generic  synonymy  has  akeady  been  given  under   MvlHceps 
mtbUiceps, 

species  MULTICEPS  8BRIALI8  (Oervmle  1847a)  Stiles  end  Stevenson  1905s. 

1828.  E  [chinococciu]  vetennorum(?)  of  de  BlaiBvilie  1828a;  misde termination. 
1833.  Ccsniarus  cerebralis  Lamarck  and  Rudolphi  of  Rose  1833a;  this  combination 

should  be  attributed  to  Rudolphi  1808a;  error;  misdetermination. 
1837.  Csenurtu  cerebralis  of  Leblond  1837a;  error;  misdetermination. 
1844.  Ccenrinju  cerebralis  of  Rose  1844a;  misdetermination. 
1847.  Coenurus  serialis  Gervais  1847a. 
1855.  ComvTus  serdalis  Gervais  of  Goldberg  1855a;  in  synonomy  of  Tsenia  ccenwrus; 

this  combination  should  be  attributed  to  Goldberg  1855a;  misprint. 
1863.  Taenia  serialis  (Gervais  1847a)  Baillet  1863a;  first  naming  of  strobila  form. 
1863.  Coenurus  cerebralis?  leporis  cuniculi  Baillet  of  Diesing  1863b;  in  synonomy  of 

Taenia  ccenurus;  not  at  present  available,  cited  from  Diesing  1864a,  identical; 

this  combination  should  be  attributed  to  Diesing  1863b. 

1863.  Taenia  oxnwri  cuniculi  Baillet  of  Diesing  1863b;  in  synonomy  of  Taenia  ccenurus; 

this  combination  should  be  attributed  to  Diesing  1863b. 

1864.  Ccenurus  cuniculi  (Diesing  1863b)  Cobbold  1864b;  name  taken  from  MSS.  of 

Rose. 

1867.  Ccenurus  lowzowi  Lindemann  1867a;  not  available,  cited  from  Lindemann 

1868b;  same  form  used  once  by  Braun  1894a. 

1868.  Taenia  ccenurus  of  Cobbold  1867a;  error. 

1877.  CcenvTUS  lowtzom  Lindemann  of  Fagenstecher  1877a;  this  combination  should 
be  attributed  to  Fagenstecher  1877a;  misspelling. 

1877.  Ccenurus  nov.  spec,  of  Fageilstecher  1877a;  Fagenstecher  refers  thus  to  the  form 
which  he  identifies  as  Ccenurus  serialis. 

1877.  Ccenurus  serialis  Gervais  of  Davaine  1877a;  this  combination  should  be  attrib- 
uted to  Davaine  1877a;  misspelling. 

1877.  Taeniaserialis  Baillet  of  Davaine  1877a;  space  omitted. 

1879.  Arhym^otaenia  critica  Fagenstecher  of  Cobbold  1879b;  error. 

1882.  Caenurus  serialis  (Gervais  1847a)  Ferroncito  1882a. 

1882.  Caenurus  saerialis  Gervais  of  Ferroncito  1882a;  this  combination  should  be  attrib- 
uted to  Ferroncito  1882a;  misspelling. 

1882.  Ccenurus  serialis  Baillet  of  ZUm  1882a;  this  combination  should  be  attributed 
to  Gervais  1847a. 

1889.  ' '  Ccenurus  spec.  ?  Fagenstecher  .  .  .  non Coen .  serialis  Gerv.' '  of  von  Linstow  1889a. 

1894.  Taenia  echinococcus  of  Herff  1894b;  misdetermination. 

1897.  Ccenurus  lowzowii  Braun  1897a;  misspelling. 

1897.  Ccenurus  lowtzouii  Braun  1897a;  misspelling. 

1898.  Cenuro  serialis  (Gervais  1847a)  Bosso  1898^'. 

1900.  Taenia  (Caenurus)  socialis  (Bloch  1780a)  Gallier  1900a;  error. 

1901.  C[ystotaenia]  serialis  (Gervais  1847a)  Benham  1901a. 

1901.  Coenurus  serialis  Baill.  of  Gamble  19010^;  this  combination  should  be  attributed 
to  Gervais  1847a. 

1901.  1[aenia\  serialis  Ball,  of  Gamble  1901a;  misprint  for  Baill. 

1901.  Caenurus  saerialis  Gervais  of  Ferroncito  1901a;  this  combination  should  be  at- 
tributed to  Ferroncito  1882a. 

1901.  Tenia  serialis  (Gervais  1847a)  Ferroncito  1901a. 

1901.  T[aenia\  {Coenurus)  serialis  Gervais  of  Vaullegeard   1901a;  this  combination 

should  be  attributed  to  (Gervais  1847a)  Vaullegeard  1901a. 
1903.  Tcmia  serialis  (Gervais  1847a)  Thierry  1903a. 
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1905.  Casnuri  cuniculi  (Diesing  1863b)  Byerly  1905^;  plural. 

1905.  Coenwrus  serialias  Byerly  1905;';  misprint. 

1905.  CcenwruM  cerialis  Byerly  19057-;  misprint. 

1905.  C<Bniuru8  scrialia  (Gervais  1847a)  Davaine  1877a  of  Stiles  and  Stevenson  1905a; 

Davaine  1877a  is  responsible  for  specific  name;  scrialis  is  not  Gervais  1847a. 

1909.  Cy>8ticereu8  serialis  (Gervais  1847a)  Gray  1909<7. 

1909.  Tasnia  serialis  Bailet  of  Sweet  1909eir;  misprint  for  Baillet. 

1910.  Ccenurus  serialis  Gervais  of  Johnston  1910a';  misprint  for  Gervais. 

Herff's  (1894b)  statement  that  Tsenia  echinococcus  is  very  common 
in  the  muscles  of  the  jack  rabbit  in  Texas  may  be  considered  as 
probably  erroneous.  Sonmier  (1895b)  says  of  this:  '*HerflF  must, 
beyond  question,  refer  to  Ocmurus  serialis,^*  Stiles  also,  in  his 
review  of  Herff  (1895a),  states  that  this  is  probably  0.  serialis, 
Herff's  (1895b)  later  statement  that  the  parasite  was  a  ''Compound 
cyst  with  tsenia  heads  attached  to  the  walls,  or  sometimes  only  hook- 
lets  floating  in  the  liquid  of  the  cysts,"  and  his  statement  that  the 
tapeworm,  which  he  calls  T.  echinococcuSj  from  the  dog,  was  not  more 
than  one  inch  long,  are  not  convincing.  So  far  as  available  records 
show,  T,  echinococcus  is  very  rare  in  the  rabbit,  and  the  fact  that 
Herff  finds  a  parasite  very  conMnon  in  this  host  is  itself  evidence 
that  the  parasite  was  probably  not  an  echinococcus.  On  the  other 
hand,  2f.  serialis  is  very  common  in  the  muscles  of  rabbits  in  the 
United  States,  and  has  been  reported  from  Texas.  The  weight  of 
evidence  favors  the  idea  that  Herff 's  "compound  cyst"  was  M. 
serialis.  For  this  reason  Tsenia  echinococcus  of  Herff  (1894b)  is  in- 
cluded as  a  synonym  of  Multiceps  serialis, 

MXJLTICEPS   LEMUBIS. 
HISTORICAL   SKETCH. 

Cobbold  (1859d)  described  a  coenurus  from  the  liver  and  thorax 
of  Lemur  maco,  (Von  Linstow  (1878a)  has  corrected  this  host  name 
to  read  Lemur  wxicaco,)  Later  Cobbold  (1861e)  named  this  parasite 
Ccenurus  lemuris.  In  macroscopic  appearance  it  does  not  resemble 
M.  multiceps  or  M.  serialis,  and  from  the  host  and  location  it  is  more 
reasonable  to  accept  it  as  a  new  species  than  to  attempt  to  refer  it  to 
either  of  the  two  species  mentioned.  It  has  been  listed  as  certainly 
or  probably  distinct  by  Diesing  (1864a),  von  Linstow  (1878a), 
Railliet  (1882a),  and  Kunsemiiller  (1903a).  On  the  other  hand 
Moniez  (1880a)  thinks  this  form  probably  belongs  with  Pagenstecher's 
(1877a)  coenurus  from  Myopotamus  coy  pus  as  a  specimen  of  Multiceps 
serialis,  and  Pagenstecher  also  states  this  as  probable. 

SYNONYMY. 

Species  MULTICEPS  LEMURIS  (Cobbold  i86ze)  Hall  zgio^. 

1861.  Cosnurus  lemuris  Cobbold  1861e. 

1880.  CcEnurus  lemuri  Cobbold  of  M6gnin  1880p;  this  combination  should  be  attrib- 
uted to  M^gnin  1880p;  misspelling. 
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1880.  CcenuTUB  lemuri  Cobblod  of  M6gnin  1880p;  this  combination  should  be  attrib- 
uted to  M^gnin  1880p;  misprint  for  Cobbold. 

1894.  Ccmiinu  lemoris  Cobb.  1861  of  Braun  1894a;  this  combination  should  be  attrib- 
uted to  Braun  1894a. 

MUZiTICOSPS  POLYTUBBBCTTLOSTTS. 
HISTORICAL   SKETCH. 

M^gnin  (1879d)  describes  a  coenurus  from  the  leg  of  the  jerboa 
(Dijms  sagitta) .  The  following  year  M6gnin  ( 1 880d )  named  it  Coenurus 
polytuberculoaua  and  published  a  more  adequate  description.  From 
the  structure  of  the  opaque,  tuberculate  external  coat  and  of  the 
hooks  it  seems  reasonably  certain  that  this  form  must  be  retained 
as  a  distinct  species.  Reinitz  (1885a)  and  Braun  (1897a)  agree 
that  this  parasite  is  not  M.  serialis,  and  Kunsemiiller  (1903a)  does 
not  think  it  likely. 

SYNONYMY. 

9 

Species  MULTICEPS  POLYTUBERCULOSUS  (M^nin  i88od)  Hall  zgxo^. 

1879.  "Coenure  polytuberculeux"  of  M^gnin  1879d. 
1880d.  Ccmurus  polytuherculomM  M^gnin  1880d. 

1894.  Cysticercus  polytuherculosus  M^gniu  [1880d]  of  Braun  1894a;  this  combination 

should  be  attributed  to  (M^gnin  1880d)  Braun  1894a. 
1903.  Ccmurus  tuberculosus  M6gnin  of  Kunsemiiller  1903a;  this  combination  should 

be  attributed  to  KunsemQIler  1903a. 

MULTICEPS  SPALACIS. 
HISTORICAL   SKETCH. 

Note  has  already  been  made  of  Diesing^s  (1850a)  coenurus  '*ex 
Ipalacis  capensis,^^  tentatively  considered  as  Canurus  cerebralis  by 
Diesing.  In  a  later  article  Diesing  (1864a)  corrected  the  host 
name  to  Spalax  capensis  and  gave  a  general  description,  of  which 
the  only  fact  of  interest  is  the  occurrence  of  a  single  circlet  of  hooks. 
Such  a  feature  was  mentioned  by  Lindemann  (1867a)  as  occurring 
in  his  Coenurus  lowzovn  and  was  found  once  by  Pagenstecher  (1877a) 
in  his  M.  serialis  from  Myopotamus  coypus.  The  location  of  the 
parasite  is  not  given,  nor  are  there  any  other  data  of  value  in  species 
determination,  so  in  the  absence  of  other  similar  records  from  this 
host  the  species  is  retained  on  Diesing^s  determination  and  under 
the  name  given  by  Moniez  (1880a). 

A  discussion  as  to  the  probable  host  has  already  been  given  on  p.  40. 

SYNONYMY. 
Species  MULTICEPS  SPALACIS  (Moniez  x88«i)  Hall  19x0^. 

1850.  Ccmurus  Diesing  1850a. 

1878.  C<Bnuni8  spec.?  of  von  Linstow  1878a. 

1880.  Ccmurus  spalacis  Moniez  1880a. 

1902.  Ccmurus  spalacis  Dies,  of  von  Linstow  1902q;  this  combination  should  be  attrib- 
uted to  Moniez  1880a. 
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OYSTICBBrCUS  BOTBYOIDES  (species  inquierenda). 

HISTORICAL  SKETCH. 

Boettcher  (1862a),  according  to  Braun  (1894a),  describes  a  Cysticer- 
CU8  botryoides  from  the  back  muscles  of  a  rabbit.  The  form  is  said 
to  apparently  arise  by  budding  from  a  parent  vesicle.  It  has  been 
considered  as  C(Bnuru8  serialis  by  Railliet  (1882a).  Reinitz  (1885a) 
does  not  consider  it  as  M,  serialis,  owing  to  differences  in  macro- 
scopic appearance  and  hook  form.  Von  Linstow  (1878a)  lists  it  as 
^^Ccsnurus  sped  (CcRnurus  cerebralis  Rud.  ?)."  Leuckart  (1865a) 
says  that  since  the  size,  form,  and  number  of  the  hooks  agree  with 
those  of  Gcmurus  [species  not  specified]  there  are  no  grounds  for 
making  a  new  species.  Braun  (1897a)  doubts  whether  this  was  a 
coenunis  at  all,  and  considers  it  a  budding  cysticercus,  and  Kunse- 
muller  (1903a)  agrees  with  Braun.  Inasmuch  as  the  original  de- 
scription is  not  available,  and  the  authorities  cited  disagree  as  to  the 
identity  and  even  as  to  the  generic  position  of  this  form,  it  has  been 
retained  here  under  the  original  name  as  a  species  inquierenda. 

SYNONYMY. 

Species  CY8TICBRCU8  BOTRYOIDES  Boettcher  x86n. 

1862.  Cy8ticercu8  botryoides  Boettcher  1862a;  not  available;  cited  from  Braun  1894a. 
1889.  Cysticercus  botryoides  Reinitz  of  von  Linstow  1889a;  this  combination  should  be 

attributed  to  Boettcher  1862a. 
1889.  CosTiurus  spec.  Boettcher  of  von  Linstow  1889a. 
1896.  C[(Bmmis]  botryoides  B5ttcher  of  Braun  1896d;  this  combination  should  be 

attributed  to  (Boettcher  1862a)  Braun  1896d. 

ACBPHALOCYSTIS  OVIS  TBAQBLAPHI  (species  inquierenda). 

HISTORICAL   SKETCH. 

Cobbold  (1861e),  in  a  list  of  entozoa,  lists  AcepJudocystis  avis  trdge- 
laphiirom  Ovis  trdgdaphus,  with  the  following  note:  '^A  solitary 
specimen  filled  with  clear  serous  fluid.  Probably  an  aborted  Coenurus. 
Spherical;  1  inch  in  diameter/' 

In  the  absence  of  any  morphological  characteristics  which  could 
possibly  relate  this  specimen  to  the  genus  Mvlticeps,  and  with  no 
statement  as  to  the  location  on  which  to  base  even  a  surmise  as  to 
the  likelihood  of  its  being  a  coenurus,  it  would  be  useless  to  pass  judg- 
ment on  this  specimen. 

SYNONYMY. 
ACEPHALOCYSTIS  OVIS  TRAOBLAPHI  Cobbold  x86ze. 

1861.  Acephalocystis  tragelaphi  Cobbold  1861e. 
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THE  BACTERIOLOGY  OF  COMMERCIALLY  PASTEURIZED 

AND  RAW  MARKET  MILK. 


INTBODtJCTION. 

Pasteunzation  is  a  term  which  needs  no  explanation,  nor  is  it  nec- 
essary to  review  its  history.  The  general  public  has  been  liberally 
informed  during  the  past  two  years  as  to  what  the  pasteurization  of 
milk  means.  It  is  true  that  newspaper  articles  often  are  misleading, 
and  the  minds  of  the  people  have  been  led  to  favor  or  oppose  pasteuri- 
zation largely  through  popular  articles  in  the  press  or  advertisements 
of  dairies,  which  either  point  out  the  value  of  or  the  danger  from  pas- 
teurized milk. 

But  the  question  as  to  pasteurization  is  not  unsettled  in  the  public 
mind  alone;  the  subject  is  one  which  has  caused  a  division  of  opinion 
also  in  the  medical  profession  and  in  the  scientific  W'orld.  There  are 
those  who  oppose  pasteurization  and  those  who  are  in  favor  of  it. 
Some  oppose  it  under  any  condition;  others  admit  that  it  should  be 
resorted  to  under  exceptional  conditions. 

It  may  be  asked  with  fairness  why  such  a  division  of  opinion 
exists  among  even  those  who  have  made  milk  problems  a  life  study. 
Only  one  answer  can  be  given,  namely,  that  the  subject  of  pasteuri- 
zation has  as  yet  been  touched  only  upon  the  surface,  notwithstand- 
ing the  numerous  valuable  pieces  of  research  work  which  have  been 
published  concerning  it. 

MODEBN  THEORIES  OF  PASTET7BIZATION. 

Since  the  pasteurization  of  milk  has  become  extensively  practiced 
and  is  advocated  by  health  officers  and  other  authorities  on  milk, 
obviously  there  must  be  some  advantages  connected  with  the  process. 
Some  of  the  points  of  value  in  pasteurization  which  serve  as  a  founda- 
tion for  the  opinions  of  those  who  advocate  the  process  may  be 
considered  first. 

ADVANTAGES   CLAIMED  FOR  THE   PROCESS. 

When  the  r6le  that  raw  milk  plays  as  a  vehicle  of  disease  and  the 
ease  with  which  it  may  become  infected  are  considered,  obviously 
the  principal  advantage  of  pasteurization  is  in  the  destruction  of 
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pathogenic  .organisms.  It  has  been  shown  by  many  investigators 
that  BddUus  tuberculosis,  B.  typhi,  B.  diphtherisR,  and  the  dysen- 
tery bacillus  are  destroyed  when  milk  is  pasteurized  at  60®  C 
(140°  F.)  for  twenty  minutes.  While  epidemics  caused  by  infected 
milk  may  occur  only  at  rare  intervals,  any  possible  means  of  protec- 
tion seems  justifiable.  Sanitary  inspection  has  greatly  improved  the 
milk  supply,  but  under  present  conditions  its  scope  is  limited  by  the 
magnitude  of  the  problem.  The  aim  of  sanitary  supervision  is  to 
improve  the  conditions  under  which  milk  is  produced.  The  goal  of 
the  struggle  for  improved  milk  is  the  production  of  clean  milk  from 
tuberculin-tested  herds,  preferably  produced  by  a  few  large  dairy 
farms  which  are  under  the  supervision  of  competent  men,  rather  than 
on  a  large  number  of  small  farms.  Granting,  however,  that  ideal 
conditions  can  be  ultimately  reached,  we  are  nevertheless  confronted 
by  entirely  different  conditions  at  the  present  time.  Certified  milk 
is  produced  in  relatively  small  amounts  in  this  country,  and  its  cost 
of  production  makes  its  price  prohibitive  for  a  large  majority  of 
people.  A  good  grade  of  clean  milk  may  be  furnished  to  a  city 
where  the  consumption  of  milk  is  small  enough  to  allow  constant  in- 
'  spection  of  the  dairy  farms  supplying  the  city.  With  large  cities  the 
problem  is  different.  For  example,  take  the  case  of  New  York,  where 
the  milk  supply  comes  from  approximately  35,000  farms  located  in 
6  different  States  and  is  shipped  from  about  700  dairies.  With  milk 
coming  from  such  a  large  area,  constant  sanitary  supervision  is  an 
immense  problem.  In  such  a  case  the  general  conditions  on  the 
farms  may  be  improved,  but  to  expect  in  the  immediate  future  to 
have  all  the  milk  come  from  tuberculin-tested  cows  and  to  have 
inspection  of  the  farms  efficient  enough  to  prevent  the  possibility 
of  typhoid  infection  is  beyond  reason. 

The  frequency  of  tubercle  bacilli  in  market  milk  is  well  known. 
Anderson^^  in  an  examination  of  market  milk  in  Washington,  D.  C, 
has  shown  that  milk  from  approximately  11  per  cent  of  the  dairies 
examined  contained  tubercle  bacilli  virulent  for  guinea  pigs.  Exami- 
nations even  of  certified  milk  sometimes  show  the  presence  of  the 
tubercle  bacillus. 

The  number  of  epidemics  of  typhoid  fever  traced  to  milk  is  strik- 
ing. Schiider  ^'  collected  from  the  literature  statistics  of  650  typhoid 
epidemics,  the  supposed  cause  of  which  had  been  reported.  Of  these 
462  were  reported  as  spread  by  water,  110  by  milk,  and  78  by  other 
agents.  Lumsden  *'  gives  figures  showing  the  theoretical  number  of 
typhoid  cases  in  Washington  during  one  year  which  may  be  expected 
to  be  caused  by  infected  milk.  According  to  his  figures  1,000  farms 
supply  Washington,  and  by  estimating  seven  persons  living  at  each 
farm  and  considering  that  in  the  United  States  every  year  about  1 

«The  figures  refer  to  the  list  of  references  on  pages  62  and  63. 
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in  every  300  persons  has  typhoid  fever,  then  some  25  cases  per  year 
may  be  expected  to  occur  on  dairy  farms  supplying  the  city. 

It  is  easy  to  see  how  typhoid  on  farms  may  be  readily  conveyed 
by  means  of  milk  to  the  city,  where  epidemics  may  result.  Even 
with  sanitary  supervision  of  the  farms  it  is  hard  and  practically 
impossible  to  prevent  occasional  infection  of  the  milk.  Frequently 
cases  of  typhoid  fever  are  not  recognized  up  to  the  second  or  third 
week  of  illness,  until  which  time  no  precautions  are  taken.  In  many 
instances  mild  cases  are  unattended  by  a  physician  and  even  in  some 
cases  may  not  be  recognized.  Persons  who  have  recovered  from  the 
disease  but  who  are  still  discharging  typhoid  bacilli  in  their  stools 
and  urine  may  directly  infect  the  milk  while  handling  it. 

The  r61e  of  typhoid  carriers  in  the  spread  of  the  disease  in  relation 
to  the  infection  of  milk  is  attracting  attention.  Albert  ^  has  shown 
that  about  75  per  cent  of  all  carriers  are  women,  and  that,  almost 
without  exception,  the  carriers  have  been  employed  in  some  occu- 
pation, as  baker,  cook,  or  handler  of  milk,  which  has  enabled  them 
to  transmit  typhoid  bacilli  to  substances  used  as  food  by  others. 
He  says  that  in  some  cases  carriers  had  typhoid  but  a  short  time 
previous,  and  in  other  cases  as  long  as  ten,  thirty,  and  even  fifty- 
two  years.  He  estimates  that  1  in  every  500  adults  is  a  chroniq 
carrier,  while  it  has  been  estimated  that  there  are  about  one-half  as 
many  carriers  in  a  community  as  there  are  cases  of  typhoid  fever. 
It  is  evident  that  to  guard  against  chances  of  typhoid  infection  from 
an  inspected  dairy  it  may  be  necessary  to  have  a  medical  examina- 
tion of  the  dairymen. 

Numerous  cases  of  epidemics  of  diphtheria  and  scarlet  fever,  as 
well  as  more  obscure  diseases,  have  been  traced  to  milk.  In  this 
connection  Freeman "  states : 

Diphtheria  has  apparently  been  spread  by  the  best  of  our  milk  supplies.  What 
protection  have  we  against  this  in  any  raw  milk?  Virulent  diphtheria  bacilli  exist 
in  the  throats  of  many  healthy  persons,  and,  though  in  our  best  dairies  we  have  some 
medical  supervision,  no  supervision  could  be  practically  enforced  that  would  protect 
the  milk  from  a  beginning  diphtheria  or  a  healthy  diphtheria  bacillus  carrier. 

The  numbers  of  bacteria  in  milk  are  of  great  importance  in  rela- 
tion to  intestinal  diseases  in  children.  The  establfshment  of  pasteur- 
izing plants  by  Straus  in  various  cities,  where  pasteurized  milk  is 
supplied  to  children  of  the  poor,  who  are  ordinarily  compelled  to  use 
a  dirty  milk  high  in  bacteria,  as  well  as  the  use  of  commercially 
pasteurized  milk,  has  done  much  to  lower  the  infantile  death  rate. 
It  seems  to  be  the  number  of  bacteria  rather  than  the  species  which 
are  concerned.     Park^^  says: 

After  five  years  of  effort  to  discover  some  relation  between  special  varieties  of 
bacteria  found  in  milk  and  the  health  of  children  the  conclusion  has  been  reached 
that  neither  through  animal  tests  nor  the  isolation  from  the  milk  of  sick  infants  have 
we  been  able  to  eetabliah  such  a  relation. 
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Kenwood*'  believes  that  the  pasteurization  of  the  public  supply 
affords  a  readily  available  means  of  bringing  about  a  reduction  of 
infantile  sickness,  even  if  the  maximum  is  conceded  to  those  who 
discredit  it.  Lederle**  in  stating  the  advantages  of  pasteurized 
milk  states: 

The  great  benefits  derived  from  its  use  in  infant  feeding  in  hospitals,  infant-milk 
depots,  and  in  private  practice  will  be  attested  by  most  physicians. 

The  destruction  of  a  large  percentage  of  the  bacteria  during 
pasteurization  results  in  an  improved  keeping  (luality,  which  is  of 
importance  from  a  commercial  as  well  as  a  hygienic  point  of  view. 

The  principal  advantages  of  pasteurization  may  be  summarized  as 
follows: 

1.  Protection  from  infection  with  the  diseases  usually  transmitted 
bv  milk. 

2.  Reduction  of  bacteria  and,  as  a  consequence,  of  the  infantile 
death  rate. 

3.  The  enliancing  of  the  keeping  quality  of  the  milk. 

It  might  seem  that  the  advantages  of  pasteurization  mentioned  in 
the  preceding  pages  were  of  sufTicient  value  to  advocate  its  general 
appUcation.  Many  authorities,  however,  do  not  favor  pasteuriza- 
tion.    Some  of  the  objections  may  be  considered  next. 

OB.TECTIONS   TO   PASTEURIZATION. 

One  of  the  most  serious  objections  to  pasteurized  milk  is  that  it  is 
beheved  to  putrefy  rather  than  sour,  due  to  the  destruction  of  lactic- 
acid  bacteria  which  produce  acid  in  raw  milk.  The  destruction  of 
the  acid  bacteria  is  believed  to  result  in  the  unhindered  growth  of 
undesirable  organisms  which  may  form  toxins  or  other  pK)isonous 
products,  thus  making  tlie  milk  unfit  for  human  consumption,  espe- 
cially in  the  case  of  young  infants.  This  view  dates  back  to  the 
investigations  of  Flugge,"^  whose  work  on  pasteurized  milk  heated  to 
70°  C.  (15S°  F.)  for  thirty  minutes  demonstrated  the  presence  of 
spore-forming,  peptonizing  bacteria  which  developed  in  the  milk 
and  formed  highly  toxic  substances.  Weber,"  however,  found  only 
three  of  these  types  of  bacteria  during  an  examination  of  150  samples 
of  commercial  sterilized  milk.  Farrington  and  Russell*  state  that 
in  numerous  experiments  they  have  found  the  thermal  death  point 
of  the  lactic-acid  bacteria  to  be  in  the  neighborhood  of  57.2  to  60°  C. 
(135  to  140°  F.)  where  the  exposure  was  for  ten  minutes.  Russell  and 
Hastings  ^^  state,  in  their  book  on  Agricultural  Bacteriology,  that — 

The  lactic  bacteria  do  not  form  spores,  and  hence  are  eai'ily  killed  if  milk  is  heated. 
If  milk  is  pasteurized  and  subsequently  kept  free  from  lactic  bacteria,  it  will  not 
sour,  but  will  putrefy,  due  to  the  development  of  the  spores  not  killed  by  the  heat- 
ing. Often  the  fir^t  sipn  of  spoiling  in  pasteurized  milk  is  the  appearance  of  a  bitter 
or  other  undesirable  taste.     Frequently  it  does  not  curdle  for  a  long  time.      One  of 
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the  dangers  in  the  use  of  pasteurized  milk  is  the  fact  that  the  consumer  has  no  way  of 
telling  how  old  it  is.  It  may  appear  normal  in  every  way  and  yet  be  harmful  to  the 
health. 

Revis,  in  a  discussion  of  a  paper  by  Kenwood",  makes  the  state- 
ment that  raw  milk  never  putrefies,  pasteurized  milk  always  does. 
Lederle"  believes  that  with  the  destruction  of  the  ordinary  lactic- 
acid  bacteria,  which  constitute  the  danger  signal  of  old  milk,  the 
souring  process  is  interfered  with,  and  that  more  serious  changes 
may  take  place  without  the  knowledge  of  the  consumer.  Freuden- 
reich^  points  out  the  danger  of  allowing  pasteurized  milk  to  stand  at 
high  temperatures,  due  to  the  growth  of  spores  of  the  hay  and  potato 
bacillus  which  are  not  killed  during  pasteurization.  Jensen"  con- 
siders that  the  use  of  temperatures  suitable  to  kill  BclciUus  tuhercw- 
losis  destroys  also  the  lactic-acid  bacteria,  which,  under  normal  con- 
ditions in  raw  milk,  prevent  undesirable  fermentations.  In  conse- 
quence the  commercially  pasteurized  milk  becomes  more  dangerous 
than  raw  milk.  He  believes  that  the  degree  of  acidity  of  raw  milk 
indicates  its  freshness,  while  the  most  dangerous  alterations  in 
pasteurized  milk  often  are  not  visible  macroscopically  and  escape 
those  who  control  its  consumption. 

Rickards"  states: 

Pasteurized  milk  seems  to  keep  longer,  but  eventually  acquires  a  strong  odor,  and 
really  may  be  said  to  decompose  rather  than  sour.  In  nearly  every  instance  we 
found  that  pasteurized  milk,  even  when  heavily  loaded  with  bacteria,  did  not  de- 
compose until  after  the  nonpasteurized  milk  taken  at  the  same  time  had  curdled. 
That  such  milk  is  unfit  for  food,  especially  for  babies,  goes  without  saying. 

In  connection  with  this  objection  to  pasteurization  Doctor  Har- 
rington, in  a  discussion  of  a  paper  by  Rotch,  *•  states : 

Again,  it  will  make  possible  the  carrying  along  of  milk  until,  although  not  sour,  it 
may  become  more  or  less  poisonous.  I  believe  that  dirty  milk  should  be  allowed  to 
stay  dirty,  so  that  it  will  sour  more  quickly,  rather  than  that  the  lactic-acid  ferments 
shall  be  destroyed  and  the  commercial  life  of  the  milk  be  prolonged,  thus  permitting 
those  organisms  which  are  not  affected  by  heat  and  which  are  believed  to  elaborate 
toxic  substances  to  go  on  making  the  milk  dangerous. 

Another  objection  to  pasteurization  is  brought  out  by  Pennington 
and  McClintock,"  who  ask  this  question: 

When  milk  before  pasteurization  shows  a  count  of  over  1,000,000,  is  it  desirable  to 
permit  in  a  food  the  toxins  and  products  of  metabolism  of  these  many  generations  of 
organisms,  even  though  they  themselves  may  be  reduced  to  a  very  few  hundred 
thousand  at  the  expense  frequently  of  milk  enzyms  and  probably  other  substances 
closely  connected  with  its  food  value  and  keeping  qualities? 

Rotch *•  expresses  the  same  sentiment  when  he  says: 

It  is  a  fact  that  certain  organisms  are  killed  by  pasteurization,  but  we  can  not  kill 
the  toxins  of  these  organisms  by  heat.  Simply  pasteurizing  or  sterilizing  will  still 
allow  the  milk  to  contain  elements  which  are  exceedingly  dangerous  to  those  who 
drink  it,  and  especially  where  young  infants  are  concerned. 
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Rotch  further  states  that  the  improper  methods  of  heating  now 
in  vogue  preserve  the  milk  only  some  five  or  six  hours  longer  than 
the  normal  raw  milk,  and  that  the  commercially  pasteurized  milk 
after  it  has  turned  sour  seems  to  be  in  a  great  deal  worse  condition 
than  when  natural  souring  took  place.  It  may  be  noted,  however, 
that  his  views  are  based  on  clinical  observations  rather  than  experi- 
mental data. 

Some  object  to  pasteurized  milk  on  accoimt  of  the  careless  methods 
of  handling  after  pasteurization.  Pennington  and  McClintock  ^^ 
beUeve  that  from  the  quantitative  count  alone  it  would  scarcely 
seem  worth  while  to  pasteurize  milk  of  fair  quality,  since  the  con- 
tamination acquired  in  bottling  is  very  often  sufficient  to  over- 
balance the  original  germ  content  of  the  milk.  They  found  that  in 
commercial  pasteurizing  plants  very  low  counts  could  be  obtained 
from  milk  in  the  heating  coils  but  that  it  was  contaminated  in  the 
cooling  and  bottling,  so  tliat  sometimes  the  final  count  was  higher 
than  that  of  the  original  milk. 

It  is  greatly  feared  by  some  that  the  adoption  of  pasteurization 
will  interfere  with  the  extension  of  sanitary  supervision.  This  opinion 
is  well  expressed  in  the  discussion  of  Rotch's^'  paper  by  Harrington, 
who  says: 

Pasteurization  will  put  back  improvements  on  the  source  of  the  supply  and  will 
encourage  dirty  habits,  the  farmer  understanding  that  it  is  not  necessary  to  be  so 
particular  since  the  dirt  that  gets  in  is  going  to  be  cooked  and  made  harmless. 

Another  serious  objection  is  that  unscrupulous  dealers  may  repas- 
teurize  their  milk  or  pasteurize  an  old  milk  which  ordinarily  would 
not  be  marketable.  It  is  safe  to  say,  however,  that  such  cases  are 
exceptional.  It  is  often  stated  also  that  bacteria  increase  more 
rapidly  in  pasteurized  milk  than  in  raw  milk,  and  considering  the 
possibility  of  infections  as  shown  by  Pennington  and  McClintock  °* 
the  more  rapid  growth  presents  a  serious  objection  to  pasteurized 
milk.  St.  John  and  Pennington"  have  shown  in  a  few  experiments 
that  a  more  rapid  increase  in  bacterial  growth  takes  place  in  pas- 
teurized reinfected  milk  than  in  raw  milk.  Their  conclusions  are 
based  on  the  ratio  of  increase.  Rickards  "  working  on  commercially 
pasteurized  milk  concludes  that  on  the  average  bacteria  will  increase 
four  times  as  fast  in  pasteurized  milk  as  in  raw  milk  when  kept  for 
twenty-four  hours  at  the  temperature  of  the  ice  box.  His  conclu- 
sions are  drawn  from  the  following  table  and  are  based  on  the  ratio 
of  bacterial  increase: 


Unpasteurized 

milk,  avenge 

count. 

22.C.17.(MK) 
2.  UK) 

1 

Pasteurized 

inilk.uveraKC 

count. 

44.0()0 

3,G91.(MM) 

8.4(JU 

4 

,  Number 

of 
samples. 

First  dav 

87 

AftiT  24  hours  In  Ico  l)ox 

Per  vvxi t  increase 
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The  change  in  the  chemical  constituents  of  milk  produced  by  heat 
is  sometimes  the  basis  of  objection  to  pasteurized  milk.  Chemical 
investigations  have  shown  that  high  temperatures  do  produce  changes 
in  the  composition  of  milk,  but  the  question  of  the  action  of  lower 
temperatures  for  a  long  period  of  heating,  such  as  is  employed  in 
the  "holder"  process,  is  one  which  demands  further  study. 

As  to  the  effect  of  feeding  heated  milk  to  children,  here  again 
authorities  are  divided.  Some  believe  that  malnutrition  can  often 
be  attributed  to  the  use  of  pasteurized  milk  and  that  rickets  and 
scurvy  result  from  its  use.  Most  authorities,  however,  agree  that 
pasteurized  milk  is  not  injurious,  at  least  as  far  as  the  chemical 
changes  produced  by  heating  are  concerned. 

The  objections  to  pasteurization  which  are  generally  accepted  as 
being  well  founded  may  be  summarized  as  follows: 

1.  It  is  believed  that  the  lactic-acid  bacteria  in  raw  milk,  which 
eventually  sour  the  milk,  exert  a  restraining  influence  on  the  pep- 
tonizing bacteria,  which  would  otherwise  cause  the  putrefaction  of 
the  milk.  In  other  words,  when  milk  is  pasteurized  and  subse- 
quently kept  free  from  lactic-acid  bacteria,  which  are  easily  killed 
by  heat,  it  will  not  sour  but  will  putrefy,  due  to  the  development  of 
peptonizing  bacteria,  the  spores  of  which  are  not  destroyed  during 
pasteurization.  The  peptonizing  bacteria,  w^hen  freed  from  the 
restraining  influence  of  the  lactic-acid  organisms,  may  increase  to 
large  numbers  and  produce  toxins  and  poisonous  decomposition 
products. 

2.  The  pasteurization  of  dirty  milk,  while  reducing  the  bacterial 
numbers,  does  not  destroy  the  toxins  or  other  products  of  bacterial 
growth. 

3.  Careless  methods  of  handling  after  pasteurization  may  result  in 
serious  contamination  of  the  milk. 

4.  Pasteurization  may  be  used  simply  to  cover  up  dirty  milk;  it 
may  encourage  dirty  methods  in  production  and  retard  the  extension 
of  sanitary  supervision. 

5.  Milk  which  has  not  been  sold  may  be  pasteurized,  or  even 
repasteurized,  and  its  faults  hidden. 

6.  Bacteria  may  increase  more  rapidly  in  pasteurized  milk  than  in 
raw  milk. 

7.  Undesirable  changes  may  be  produced  by  heating  which  result 
in  making  the  milk  less  digestible,  particularly  in  the  case  of  infants. 

It  will  be  seen  from  the  foregoing  that  much  is  to  be  said  on  both 
sides  of  the  question,  and  that  further  investigation  is  required, 
which  must  be  sufficiently  thorough  and  deep  so  that  the  conclusions 
arrived  at  may  be  generally  accepted. 
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OBJECT  OF  THIS  INVESTIGATION. 

The  general  object  of  this  work  has  been  to  study  the  bacterial 
flora  of  commercially  pasteurized  and  raw  market  milk.  The  term 
"commercially  pasteurized"  signifies  all  kinds  of  such  milk  and  is 
not  intended  to  indicate  the  "flash"  process,  which  is  distinguished  in 
some  cities  from  perfectly  pasteurized  milk  (meanihg  that  pasteurized 
by  the  "holder"  process).  The  endeavor  has  been  made  to  study 
the  bacteria  in  the  two  kinds  of  milk,  pasteurized  and  raw,  when 
fresh  and  on  each  succeeding  day  as  long  as  the  milk  was  fit  for  con- 
sumption. The  special  objects  have  been  to  determine  to  what 
extent  the  lactic-acid  bacteria  were  destroyed,  and  to  what  extent 
the  peptonizing  bacteria  developed,  and  to  compare  the  development 
of  various  groups  of  bacteria  in  pasteurized  and  raw  mlik. 

METHODS. 

The  standards  proposed  by  the  committee  on  standard  methods 
for  water  analysis^  have  been  followed  almost  exactly,  the  only  change 
being  made  in  substituting  Liebig's  beef  extract  for  beef  infusion  in 
the  preparation  of  nutrient  broth.  Two  per  cent  lactose  was  used 
in  both  litmus  lactose  agar  and  litmus  lactose  gelatin.  The  total 
count  of  the  milk  samples  was  made  on  litmus  lactose  agar  plus  1 
(Fuller's  scale),  incubated  at  30*^  C.  (86''  F.),  and  recorded  after 
forty-eight  hours.  On  the  other  hand,  the  differential  count  was 
made  from  litmus  lactose  gelatin  incubated  at  18°  C.  (64.4®  F.)  for 
four  days.  In  using  this  low  temperature  the  results  were  more  con- 
sistent; the  low  temperature  holds  the  peptonizers  in  check  and  gives 
other  forms  a  chance  to  develop  characteristic  colonies.  In  some 
cases  the  gelatin  plates  had  to  be  counted  before  four  days  on  account 
of  the  large  number  of  liquefying  colonies;  in  other  cases  it  was  pos- 
sible to  let  the  plates  incubate  as  long  as  five  days. 

PASTET7BIZATION  EXPEBIMENTS. 

The  larger  part  of  the  work  herein  described  has  been  with  com- 
mercial market  milk,  but  it  was  thought  advisable  to  carry  on  a  few 
additional  experiments  in  which  the  pasteurizing  process  could  be 
controlled.  Accordingly,  during  the  summers  of  1908  and  1909 
experiments  were  carried  on  at  the  field  laboratory  of  the  Dairy 
Division.  Experiments  were  made,  using  both  the  "flash"  process, 
which  consists  of  heating  flowing  milk  for  from  thirty  to  forty  seconds 
and  then  cooling,  and  the  "holder"  process,  where  the  milk  is  heated 
in  a  tank  and  held  for  thirty  minutes  before  cooling. 
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CK>BiIFARISON  OF  RAW  MILK  AND  MILK  PASTEURIZED  BY  THE  '' FLASH'' 

PROCESS. 

A  small  pasteurizer  of  the  "flash"  type  was  used  in  these  experi- 
ments, and  the  data  obtained  are  tabulated  in  Table  1  following. 

EXPERIMENT  WITH  MILK  HELD  AT  10^  C.  (50^  F.). 

The  milk  used  in  this  experiment  was  held  in  the  ice  chest  at  10**  C. 
(50**  F.)  after  pasteurization.  The  raw  milk,  it  will  be  noticed,  was 
high  in  bacteria,  as  it  was  produced  for  butter-making  purposes  and 
little  care  was  taken  to  keep  the  bacterial  numbers  down  by  low 
temperatures.  In  each  experiment  a  sample  of  raw  milk  was  taken 
in  steamed  milk  bottles  together  with  a  sample  of  the  same  milk 
after  pasteurization.  The  samples  after  collection  were  plated  on 
litmus  lactose  agar  and  incubated  for  forty-eight  hours  at  30**  C. 
(86**  F.),  when  the  total  count  was  made.  The  peptonizing  bacteria 
were  counted  on  litmus  lactose  gelatin  incubated  at  18**  C.  (64.4**  F.) 
for  four  days.  The  acidity  was  determined  daily  and  is  expressed  in 
percentage  of  lactic  acid. 

The  milk  was  examined  in  this  manner  until  unfit  for  use.  A 
word  of  explanation  is  required  concerning  the  higher  count  in  milk 
pasteiuized  at  high  temperatures  than  in  that  heated  to  lower  tem- 
peratures; for  example,  sample  No.  11  heated  at  82.2**  C.  (180**  F.) 
shows  a  higher  count  after  pasteurization  than  milk  heated  at  any 
of  the  other  temperatures.  This  is  probably  explained  by  the  method 
of  heating.  In  running  a  series  of  different  temperatures  the  highest 
degree  was  used  first,  and  while  the  milk  was  still  flowing  through 
the  machine  the  temperature  was  lowered  in  order  to  obtain  samples 
pasteurized  at  the  other  temperatures.  The  high  count  was  evi- 
dently due  to  the  washing  out  of  tjie  machine  and  the  cooler  with 
the  milk.  It  may  be  mentioned  in  this  connection  that  the  method 
of  collecting  samples  could  not  have  been  changed  without  interfering 
with  the  daily  work  in  the  creamery  where  the  pasteurizer  was  located, 
and  since  the  method  affected  only  the  samples  heated  at  the  tem- 
peratures higher  than  those  ordinarily  used  in  commercial  work  it 
was  not  considered  necessary  to  repeat  the  experiments.  In  all  the 
experiments  the  machine  proved  very  efficient;  the  total  bacteria 
in  pasteurized  milk  remained  low  during  the  first  two  days  and  in 
many  cases  for  three  days. 

The  difference  in  temperatiu*e  of  heating  seemed  to  show  -snery 
little  effect  on  the  total  numbers  after  four  days.  Bacterial  reduc- 
tion during  pasteurization  may  vary  greatly  with  the  same  tempera- 
ture in  different  samples.  Compare  sample  No.  1,  raw  milk,  1,500,000 
bacteria  per  c.  c,  reduced  to  34,000  in  the  pasteurized  milk,  with 
sample  No.  15,  raw  milk,  13,472,000,  reduced  to  1,600  per  c.  c.  That 
means  an  efficiency  in  the  first  case  of  97.7  per  cent  against  99.9  per 
cent  in  the  last  case.     The  difference  in  efficiency  may  not  be  due  to 
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careless  methods  of  controlling  the  temperature  or  to  contamination, 
but  may  be  caused  by  the  larger  proportioi;i  of  heat-resisting  species 
of  bacteria  or  bacteria  in  their  spore  form. 

TableI.— Comparison  of  raw  arid  pasteurized  ('^ flash*'  process)  milk  heldlCf  C.  (5G^F.). 


Sam* 
>le 


SI 


Kind  of  milk. 


6-6 
5 
6 

7-11 

7 

8 

9 

10 

11 

12-16 
12 
13 
14 
15 
16 


/Raw 

\  Pasteurized. 

/Raw 

\  Pasteurized. 

/Raw 

\  Pasteurized. 

/Raw 

\  Pasteurized. 

Raw 

Pasteurized . 
do 

Raw 


Temperature  of 
pasteurization. 


First  day. 


76.7^  C.  (170*  F.) . 
TO.46'C.Vl76'F.')! 
82.*2»C."(i86'F".); 
85*c!'("l85'''F.y.'.! 


71.1'C.  (160»  F.). 
65.6^C.(150"F.). 


Pasteurized.;  60*  C.  (140*  F.)--. 

do i  65.6T.  (ISO*  F.). 

do '  71.1T.  (IW  F.). 

do !  76.7T.  (170'  F.). 

do 82.2'C.  (180*  F.) 

Raw 

Pasteurized . 

do 

do 

do 

do 


60*  C.  (140*  F.)... 
«i5.6'C.  (IW  F.). 
71.1*  C.  (160°  F.). 
76.7'C.  (170*  F.). 
82.2'C.  (180*  F.). 


Acid- 
ity. 


0.16 
.17 

.16 
.15 

.15 
.14 

.15 
.14 

.18 
.16 
.16 

.18 
.18 
.18 
.17 
.16 
.14 

.18 
.16 
.15 
.15 
.14 
.14 


Total  bacte- 
ria per  c.  c. 


1,500,000 
34,000 

183,000 
4,600 

1,170,000 
209,000 

10,200,000 
350,000 

i),  900, 000 

3,630,000 

790,000 

12,800,000 

62,150 

36,700 

15,000 

9,000 

562,000 

13,472,000 

3.450 

2,200 

600 

1,600  ; 

29,300 


Peptoniz- 
ing bacte- 
ria per  c.  c. 


Second  day. 


Acid- 
ity. 


100,000 
1,600 

32,000 
1,100 

30,000 
1,000 

2,700,000 
5,000 

500,000 
100,000 


2,600,000 

100 

500 

500 

1,100 

6,000 


100 


900 


0.18 
.17 

.17 
.15 

.16 
.14 

.19 
.14 

.22 
.16 
.16 

.20 
.18 
.18 
.17 
.16 
.14 

.20 
.17 
.16 
.14 
.16 
.15 


Total  bacte- 
ria per  c.  c. 


Peptonlir 
Ing  bacte- 
ria per  C.C. 


4,500,000 
42,000 

2,600,000 
5,200 

53,200,000 
367,000 

86,000,000 
5,930,000 

156,000.000 

16,000,000 

6,500,000 

.76,600,000 

199,000 

447,000 

30,000 

98,000 

870,000 

102,900,000 
7.100 
5,600 
2,000 
3,750 
101,000 


400,000 
9,000 

360,00 
2,000 

1,000,000 
20,000 

1,000,000 
30,000 

4,700,000 

30,000 

100,000 

400.000 

44,000 

280,000 


10,000 

100,000 
400 
100 
100 
100 
400 


Sam- 

)le 

lo. 


fi! 


Kind  of  milk. 


! 


I  '/Raw 

l\  Pasteurized. 


Third  day. 


Temperature  of 
pasteurization. 


Acid- 
ity. 


Total  bacte- 
ria per  c.  c. 


2  '/Raw 

\  Pasteurized . 


5-6 


/Raw 

I  Pasteurized 


76.7'C.  (170'F.). 
"79.45'C."("l75*F.y 


rRaw 

tl*astourlze-'I.    85"  C.  (ISS"  F.).. 


Raw 

5  I  Pasteurized. 

6  ' do 

7-11  j  Raw 

7  j  J'asteurlred . 

8    do 

9    do 

10    do 

11    do 

12-16     Raw 

12  Pasteurized . 

13  do 

14  do 

15  do 

16  do 


71.1' C.  (160'  F.). 
65.6T.  (ISO"  F.). 


0.19 
.17 

.18 
.16 

.22 

.16 

.36 
.19 


38,000,000 
144,000 

10,300,000 
32,800 

379.000.000 
8, 740, 000 


500,000,000  200,000 

206,000,000       1,000,000 


Peptoniz- 
ing bacte- 
ria per  c.  c. 


400,000 
7,000 

1,500,000 
3,000 

7,900,000 
170,000 


45  11,460,000,000 

,17  :      48,000.000 

17         98,000,000 


60"  C.  (140*  F.)... 
O^.^i^C.  (150°  F.). 
71. rc.  (160*  F.). 
7fi.7T.  (HO"  F.). 
82.2"  C.  (180"  F.). 


60*  r.  (140°  F.)... 
65.6*0.  (I.W*  F.). 
71.1*  C.  (160*  F.). 
76.7*  C.  (170*  F.). 
82.2*0.  (180*  F.). 


34 

18 
18 
17 
16 
15 

43 
,16 
,16 
,17 
,15 
,15 


380,000,000 

370, 000 

970,000 

810.000 

70,000 

11,200,000 

370,000,000 

293.000 

52.000 

97,000 

45,000 

375,000 


10,000.000 
500,000 
700,000 

1,000,000 


100,000 
30,000 


60,000 

100,000 

900 

1,000 

1,000 

100 

3,000 


Fourth  day. 


Acid- 
ity. 


0.29 
.17 

.18 
.16 

.37 
.17 

.64 
.57 

.64 
.19 
.23 

.64 
.17 
.18 
.17 
.16 
.15 

.54 
.18 
.17 
.17 
.15 
.16 


Total  bacte- 
ria per  c.  c. 


Peptoniz- 
ing bacte- 
ria per  c.  c 


49,500,000 
3,600,000 

47,000,000 
2,600,000 

531,000,000 
82,800,000 

1,400,000,000 
849,000,000 


I 


128,000,000 
205,000,000 

980,000,000 

5,650,000 

13,100,000 

13,600.000 

6.700,000 

22,000,000 

756,000,000 
3,260,000 

982.000 
3,480,000 

671,000 
3,970,000 


600,000 
400,000 

4,000,000 
10,000 

2,000,000 


10,000,000 
3,000,000 


2,000,000 
2,000,000 


100,000 

'i66,'666 

200,000 
400,000 


30,000 
9,000 

10,000 
3,000 

30,000 
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Table  l.—Compariaon  of  raw  and  pasteurized  ("flash**  process)  milk  held  10°  C. 

(50°  F.)— Continued. 


Sam- 
>le 
To. 


fi! 


3 


5-6 
5 
6 

7-11 

7 

8 

9 

10 

11 

12-16 
12 
13 
14 
15 
16 


Kind  of  milk 


(Raw 

\Pasteuriied 

(Raw 

iPasteurlied 

/Raw 

\Pasteurlged 

/Raw 

iPastouriied, 


Temperatura  of 
pasteurisation. 


Raw 

Pasteurised. 
do 

Raw 

Pasteurised. 

.do 

.do 

do , 

—  .do 


Raw 

Pasteurised. 

do. .. . .. 

do 

.  ....do. ... .. 

t   m    m    m  9\m\M  •    ■    •    ■    •    < 


76.7'C.  (170*F.). 
TO.«*C.'(V76*F.y 


82.2»  C.  (180»  F.) 


85*C.(185*F.)... 


71.1*C.  (160»F.) 
65.6'C.  (ISO^F.) 


60-C.  (l40•PJ... 
65.6•C.  (150»F.), 
7LrC.  (160'F.) 
76.7»C.  (170*  F.) 
82.2«  C.  (180*  F.) 


60^C.  (140»F.)... 
65.6»C.  (ISO*  F.). 
71.rC.  (i60*F.). 

76.7'C.  n70»F.). 
82.2*C.  (IWF.) 


Fifth  day. 


Acid- 
ity. 


Total  bacte- 
ria per  c.  c. 


0.37 
.18 

.24 
.16 

.64 
.40 

.71 
.66 


.34 
.60 

.68 
.16 
.16 
.18 
.17 
.17 

.63 
.18 
.18 
.17 
.16 
.18 


131,400,000 
4,850,000 

318,000,000 
27,200,000 

790,000,000 
740,000,000 


Peptonis- 
Ing  bacte- 
ria per  c.  c. 


400,000 
1,600,000 

3,600,000 
150,000 


326,000,000 
650,000,000 


28,600,000 
44,000,000 
35,800,000 
28,600,000 
100,000,000 

1,019,000,000 
65,500,000 
32, 100, 000 
15,000,000 
9,000,000 
19,600,000 


600,000 
700,000 

1,200,000 
800,000 

1,100,000 


700,000 
300,000 
140,000 
100,000 
1,100,000 


Slztliday. 


Acid- 
ity. 


0.63 
.33 

.44 

.18 

.67 
.64 


.63 
.69 


.22 

.18 
.33 
.20 
.31 

.63 
.21 
.19 
.19 
.18 
.27 


Total  bacte- 
ria per  c.  c. 


212,000,000 
65,500,000 

454,000,000 
160,000,000 


72,000,000 
91,000,000 
70,000,000 
57,000,000 
488,000,000 

960,000,000 
348,000,000 

96,000,000 
227,000,000 

45,500,000 
507,000,000 


Peptonift- 
Ing  bacte- 
ria per  c.c. 


200,000 
13,000,000 


1,000,000 
2,000,000 
2,000,000 
2,000,000 
7,000,000 


1,000,000 
1,000,000 
1,500,000 
600,000 
3,000,000 


Sam- 
ple 
No. 


/Raw 

\  Pasteurised. 


5-6 
5 
6 

7-11 


8 

9 

10 

11 

12-16 
12 
13 
14 
15 
16 


Kind  of  milk. 


fRaw 

\Paateurised. 


Temperature  of 
pasteurisation. 


fRaw 

Pasteurised. 


76.7' C.  (170»  F.) 


/Raw 

iPasteurised. 


Raw 

Pasteurised . 
....do 


Raw. 


Pasteurised. 


79.46*  C.  (175*  F.). 


82.2*  C.  (180*  F.) 


85*  C.  (185*  F.). 


71.1*  C.  (160*  F.). 
65.6*  C.  (150*  F.) 


60*C.  (140*F.). 


.do 65.6*C.  (150*F.) 

..do I  71.1*C.  (160*  F.) 

.do 76.7*C.  (170*F.) 

.do 82.2*  C.  (180*  F.) 


Raw 

Pasteurised 

do 

do 

■  •  •  «  «xA^^  •  •  •  •  « 

do 


60*C.  (140*F.).. 
65.6*C.  (150*F.). 
71.1*C.  (160*F.). 
76.7*C.  (170*F.). 
82.2*  C.  (180*  F.). 


Seventh  day. 


Acid- 
ity. 


Total  bacte- 
ria per  c.  c. 


0. 79  I 


Peptonls- 
Ing  bacte- 
ria per  c.  c. 


Remarks. 


.52 
.45 
.24 


'  293,000,000 
488,000,000 
240,000,000 


.46 

.27 
.45 
.35 
.47 

69 
.29 


22 

.19 

38 


230,000,000 

235,000,000 
301,000,000 
670,000,000 
612,000,000 


8,000,000 

300,000 

24,000,000 


36,000,000 

17,000,000 

29,000,000 

29,000,000 

2,000,000 


Slightly  sour  on  fifth  day. 
Slightly  sour  on  seventh  day. 

Slightly  bitter  on  sixth  day; 

slightly  sour  on  seventh  day. 
Slightly  bitter  on  sixth  day; 

Slightly  sour  on  eighth  day. 

Curdled  on  sixth  day. 
Slightly  sour  on  fifth  day. 

Sour  on  fourth  day. 
Do. 

Curdled  and  sour  on  fourth  day. 
Curdled  and  sour  on  sixth  day. 
Slightly  sour  on  fifth  day. 

Sour  on  fourth  day;  coagulated 

on  sixth  day. 
Slightly  bittor  on  sixth  di^. 
sour  on  eighth  day. 
Do. 
Do. 
Do. 
Do. 

Sour  on  fourth  dav. 
Slightly  sour  on  eighth  day. 
Sweet  on  eighth  day. 

Do. 

Do. 
Slightly  sour  on  eighth  day. 


64636^— Bull.  12e— 10- 


18 


BACTERIOLOGY  OF   PASTEURIZED  AND  RAW   MILK. 


THE   INCREASE   IN   PEPTONIZING   BACTERIA. 


The  peptonizing  bacteria  in  milks  held  at  10®  C.  (50°  F.)  are 
shown  in  Table  2. 

The  most  striking  feature  is  the  low  number  of  peptonizers,  espe- 
cially during  the  first  three  days;  in  every  case  the  peptonizers  rep- 
resented only  a  small  percentage  of  the  total  bacteria.  This  may  be 
seen  by  comparison  with  Table  1. 

During  the  first  three  days  the  peptonizing  bacteria  in  the  pasteur- 
ized milk  were  very  low  as  compared  with  those  in  the  raw  milk, 
and  were  much  lower  on  the  fourth  and  fifth  days  in  sample  No.  2, 
and  also  on  the  fourth  day  in  sample  No.  4.  The  low  count  of  pep- 
tonizers in  the  raw  milk  was  undoubtedly  due  to  the  large  numbers 
of  lactic-acid  bacteria,  which  exercise  a  restraining  influence  on  the 
development  of  the  peptonizing  forms.  These  figures  indicate,  as 
far  as  these  experiments  are  concerned,  that  the  peptonizing  bac- 
teria do  not  play  the  important  part  in  pasteurized  milk  that  is 
credited  to  them. 

Table  2. — Number  of  peptonizing  hacteria  per  cubic  centimeter  in  raw  and  pasteurized 

C' flash"  process)  milk  held  at  W  C.  (50°  F.). 


Sample 
No. 


&-6 
5 
6 


2 
3 


7-11 

7 

8 

9 

10 

11 

12-10 
12 
13 
14 
15 
16 


KlndofmUk. 


Raw , 

Pasteurized. 
do 


rRaw 

\Pasteurized . 


/Raw 

I  Pasteurized. 


/Raw , 

\Pasteurized . 


/Raw 

\  Pasteurized , 

Raw , 

Pasteurized, 

do 

do 

do , 

■    •    ■    •    •  VI V  •    ■    ■    •    ■  I 

Raw 

Pasteurized . 

do , 

do 

do 

do 


Temperature  of 
pasteurization. 


71.1'C.(160''F.). 
d5.6"C.(loO*F.). 


76.7'C.(170T.). 


79.4'C.(175T.). 


82/2- C.  (180*  F.). 


85'C.(185*F.). 


eO'C.(140'F.).. 
65.6»C.(1WF.). 
71.1'C.(ieO'F.). 
76.7'C.(170''F.). 
82.2*C.(180T.). 


Days. 


500.000 
100,000 


100,000 
1,500 

32,000 
1,100 

30.000 
1,000 

2,700,000 
5,000 

2,600,000 
100 
500 
500 
1,100 
6,000 


60*  C.  (140'  F.).. 
65.6'C.(150'F.). 

71.1*C.(l(iOT.).l 
76.7*  C.  (170' F.) 
82.2»C.(18Q'*F.) 


100 


900 


4,700,000 

30.000 

100,000 

400,000 
9,000 

360,000 
2,000 

1,000,000 
20,000 

1,000,000 
30,000 

400,000 

44.000 

280,000 


10,000 

100,000 
400 
100 
100 
100 
400 


3. 


10.000,000 
500,000 
700,000 

400,000 
7,000 

1,500,000 
3,000 

7,900,000 
170,000 

200,000 
1,000,000 

1,000,000 


100,000 
30,000 


50,000 

100,000 

900 

1.000 

1,000 

100 

3,000 


2.000,000 
2,000,000 

600,000 
400,000 

4,000.000 
10,000 

2,000,000 


10,000,000 
3,000,000 


100,000 


100,000 
200.000 
400,000 


30.000 
9.000 

10.000 
3.000 

30,000 


5. 


400.000 
1,600,000 

3,600.000 
150,000 


500,000 
700,000 

1,200,000 
800.000 

1,100,000 


700.000 
300,000 
140.000 
100.000 
1,100,000 


6. 


200,000 
13,000,000 


1,000,000 
2,000,000 
2,000,000 
2,000,000 
7,000,000 


1,000,000 
1,000,000 
1,500,000 
600,000 
3,000,000 
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EXPERIMENTS  WITH  MILK  HELD  AT  ROOM  TEMPERATURE. 

Table  3  shows  the  results  of  two  experiments  in  which  the  pasteur- 
ized milk  was  held  at  room  temperature.  The  temperature  ranged 
from  22*^  to  25^  C.  (71.6*^  to  77°  F.)  during  the  experiments. 

In  the  first  series — ^samples  17  to  21 — the  raw  milk  remained  sweet 
until  the  second  day.  The  pasteurized  milks  all  soured  with  normal 
acid  curds  on  the  third  day.  In  the  second  series — samples  22  to 
26 — where  the  counts  were  all  higher,  both  the  raw  and  the  pasteur- 
ized milk  soured  in  twenty-four  hours  with  solid  curds  and  a  Uttle 
gas. 


Table  3. — Comparison  of  raw  and  pasteurized  {^^ flash  "  process)  milk  held  at  22-26^  C. 

{71.6-77°  F.). 


^*JJP^®  KlndofmUk. 


17-21 
17 
18 

19 

20 

21 

22-26 
22 
23 

24 

25 

26 


Raw 

Pasteurized. 
do 


.do 

.do 

.do 


Temperature  of 
pasteurization. 


1 


Raw 

Pasteurized. 
do , 

do 

do 

do 


60*C.(140T.). 
65.6"  C.  (150* 

F  ). 
71.1''  C  (160* 

F.). 
76.7'  C.  (170* 

F.). 
82.2*  C.  (180» 

F.). 


80«C.(140T.). 
66.6»  C.  (150* 

F.). 
71.r  C  (160* 

F.). 
76.7*  C.  (170» 

F.). 
82.2'  C.  (180* 

F.). 


First  day. 


Acidity. 


Pa.m. 

0.10 
.15 
.16 

.16 

.17 

.15 


0.20 
.17 
.18 

.18 

.17 

.15 

Sp.m. 

0.43 
.18 
.17 

.18 

.17 

.15 


Total 
bacteria 
per  c.  c. 


1,030,000 

10,000 

300 


300 


Pepton- 
izing 
bacteria 
per  c.  c. 


250.000 

8,000 

100 


(•) 
300 

63,250,000 
385,300 
127,800 

38,600 

31,800 

419,700 


200 


Second  day. 


(*) 


Total  bacteria 
perc.  c. 


46,600,000 
13,000,000 

14,000,000 

7,140,000 

9,860,000 

650,000,000 
435.000,000 
386,000,000 

100,000,000 

558,000.000 

1,132,000,000 


Pepton- 
izing 
bacteria 
per  c.  c. 


10,500.000 
1,100,000 

1,600,000 

1,100,000 

1,200,000 


(*) 


Sample 
No. 


17-21 
17 
18 
19 

20 

21 

22-26 

22 

23 
24 
25 
26 


Kind  of  milk 


Raw 

Pasteurized 

do 

...do 

...  do 

...do 

Raw 

Pasteurized 


.do. 
.do. 
.do. 
.do. 


Temperature  of 
pasteurization. 


Third  day. 


Acid- 
ity. 


60»C.(140'F.). 
66.6^C.(150T.) 

7i.rc.(ieoT.) 

76.7^C.(170T.) 
82.2»C.(180^F.) 


e0»  C.  (140*  F.). 


65.6*  C.  (ISO"  F.) 
71.1'C.(160*F.) 
76.7»C.(170T.) 
82.2*0.  (180*  F.) 


0.86 
.83 
.63 

.62 
.52 


Total  bacteria 
per  c.  c. 


1,560,000,000 
1,450,000,000 
1,050,000,000 

790,000,000 
735,000,000 


Peptonizing 
bacteria 
per  c.  c. 


1,000,000 
1,000,000 


Remarks. 


Coekgulated  on  second  day. 
Sour  on  third  day;  solid  ctini. 

Do. 
Coagulated  and  sour  on  third 
day. 

Do. 

Do. 
Coagulated  with  gas  third  day. 
Coagulated   thirof  day;  slight 
amount  of  gas. 

Do. 

Do. 

Do. 

Do. 


aOin  100  dilutions. 


ft  Qelatln  plates  lost. 
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BACTERIOLOGY  OF  PASTEURIZED   AND  RAW   MILK. 


THE   INCREASE   IN   ACIDITY. 


The  formation  of  acid  is  shown  graphically  in  figure  1. 

In  this  experiment  two  series  of  samples  of  raw  and  pasteurized 
milk  were  heated  at  different  temperatures,  one  set  being  held  at 
lO"*  C.  (50^  F.)  and  the  other  at  room  temperature,  22''  to  28*"  C. 
(71.6®  to  82.4°  F.).  Figure  1,  A,  shows  the  increase  in  acidity  in 
the  milk  held  at  10°  C.  (50°  F.).  It  is  seen  that  the  acidity  in  the 
raw  milk  began  to  increase  during  the  first  twenty-four  hours  and 
continued  rapidly,  reaching  0.44  per  cent  on  the  third  day.  The 
pasteurized  milk  did  not  change  in  acidity  until  the  fifth  day  in  one 
sample  and  the  sixth  day  in  the  other  samples,  but  the  acidity  then 


i 
K 


.S 
.5 

3 

2 
J 


0 


/' 


/ 


/ 


/ 


/ 


S./S.09 


//AM 
&/9.09 


9./9.09 


Fig.  1.— Pasteurization  experiments.  Comparison  of  acidity  of  pasteurized  ("flash"  process)  and  lawmilk. 
A ,  mlllc  held  at  10*  C.  (50*  F. );  -B,  milk  held  at  room  temperature  22°  to  28*  C.  (71.6"  to  82.4»  F.).  Samples 
for  both  series  collected  from  pasteurizer  at  same  time.  R,  raw  milk;  /,  milk  pasteurized  at  60*  C.  (140* 
F.);  2,  milk  pasteurized  at  65.6"  C.  (150*  F.); «,  milk  pasteurized  at  71.1*  C.  (160*  F.);  4,  milk  pasteurized 
at  76.7  C.  (170*  F.);  6,  milk  pasteurized  at  82.2*  C.  (180*  F.). 

increased.  Of  the  pasteurized  samples  it  will  be  seen  that  the 
acidity  began  to  increase  first  in  the  milk  pasteurized  at  82.2®  C. 
(180®  F.),  the  highest  temperature.  This  may  be  explained  in  the 
same  way  as  were  the  higher  counts  in  Table  1. 

The  acidity  in  the  other  series  of  samples,  held  at  room  tempera- 
tiu-e,  is  shown  in  figure  1,  B.  The  raw  milk  and  the  milk  pasteurized 
at  82.2®  C.  (180®  F.)  soured  in  twenty-four  hours,  having  an  acidity 
of  approximately  0.7  per  cent.  The  same  explanation  as  before 
accounts  for  the  acidity  of  the  pasteurized  sample.  In  the  other 
samples  the  acidity  began  to  increase  at  once,  and  at  3  o'clock  on 
the  second  day  the  acidities  were  all  above  0.60  per  cent.  The 
souring  in  the  pasteurized  milk  held  at  10®  C.  (50®  F.)  was  delayed 
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until  the  sixth  day.     In  similar  milk  held  at  room  temperature  the 
souring  was  delayed  only  a  few  hours. 

These  experiments  indicate  that  pasteurization  does  not  prevent 
milk  from  sWring,  but  merely  delays  the  process. 

COMPARISON  OF  RAW  MILK  AND  MILK  PASTEURIZED  BY  THE  " HOLDER" 

^  PROCESS. 

A  few  experiments  were  made  using  the  "holder"  process  for 
pasteurizing.  The  milk  was  heated  in  the  same  "flash"  machine 
used  in  the  preceding  experiments,  from  which  it  flowed  into  a 
steamed-covered  can,  where  it  was  held.  The  temperature  of  the 
milk  dropped  only  2  degrees  (Centigrade)  during  the  holding.  The 
results  are  shown  in  Tables  4  and  5. 

BEDUCTION   OP   BACTERIA    DURING  THE    HOLDING   PROCESS. 

Ten  minutes  were  required  to  fill  the  holding  can,  and  that  time 
must  be  added  to  all  the  holding  periods  as  shown  in  Table  4.  It 
may  be  seen  that  twenty  minutes'  holding  was  almost  as  efficient  as 
the  forty  minutes'  holding  as  shown  in  the  last  column  of  the  table. 

Another  experiment  was  carried  out  imder  the  same  conditions 
except  that  the  milk  was  pasteurized  in  a  jacketed  can  and  held  for 
varying  lengths  of  time.  The  results  are  shown  in  Table  5.  As  in 
the  previous  experiment,  twenty  minutes'  holding  was  nearly  as 
efficient  as  forty  minutes'  holding.  The  two  samples  heated  to  60°  C. 
(140®  F.)  and  held  for  forty  minutes,  also  the  two  heated  to  65.6**  C. 
(150®  F.),  all  curdled  with  an  acid  curd  in  forty-eight  hours  when 
held  at  room  temperature.  On  the  other  hand,  one  of  the  two 
sanxples  heated  to  71.1®  C.  (160®  F.)  curdled  with  a  rennet  curd  after 
twenty-four  hours  at  room  temperature,  while  the  other  curdled 
after  forty-eight  hours  with  an  acidity  of  0.41  per  cent  and  was 
partly  digested. 

Table  4. — Shotving  reduction  of  bacteria  per  cubic  centimeter  during  pasteurization  by 

the  ^'holder*'  process. 


Bacteria 
in  raw 
mUk. 


5,a5O,00O 
24,900,000 

3,200,000 
35,000,000 


Pasteurizing 
temperature. 


WC.(140'F.)... 
65.6*C.(1S0'F.). 

Ti.rccieoT.y 

76.7*  C.  (170*  F.). 


Sample 
taken 

directly 
from 

pasteur- 
izer. 


4,200 


Sample 

taken 

when 

holding 

can  was 

full. 


1,189,000 
768.000 


3,450 


5  min- 
utes. 


239,000 
481,000 


200 


After  holding  in  can— 


10  min- 
utes. 


117^000 

129,000 

4,200 

500 


15  min- 
utes. 


57,000 


(«) 


20  min- 
utes. 


192,000 

127,000 

2,100 

200 


25  min- 
utes. 


153,000 

39,800 

3,000 

200 


30  min- 
utes. 


46.900 

45.000 

1,600 

80 


a  0  in  100  dilutions. 
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Table  5. — Showing  reduction  of  bacteria  per  cubic  centimeter  by  heating  and  holding 

milk  in  the  wmu  can. 


Sample 
No. 


1 
2 
3 
4 
5 
6 


Bacteria  in 
raw  milk. 


21,000,000 
3,150,000 

19,400.000 

4,340.000 

536,000 

70,000,000 


Pasteurizing  temperature. 


60"C.(140T.).. 

do 

65.6'C.(1W  F.). 

do 

71.rC.(lflOT.). 
do 


Sample 

After  holding  in  c 

taken  when 

tempera- 

ture 

reached 

pasteuriz- 

5 minutes. 

10  minutes. 

ing  tem- 

perature. 
4,032.000 

3. 743.000 

2.394.000 

337.000 

47,000 

28.000 

506.000 

70,000 

18.000 

185.000 

63.000 

62.000 

41.000 

9,000 

100 

120,000 

1,430 

3,020 

15  minutes. 


514,000 

24,000 

2,000 

14,600 

100 

460 


Sample 

Bacteria  in 
raw  milk. 

Pasteurizing 
temperature. 

After  holding  In  can— 

No 

20  minutes.  25minutm. 

30  minutes. '            Remarks. 

1 
2 

21,000,000 

3,150,000 

19,400,000 
4,340,000 

636,000 
70,000,000 

C0''C.(140*F.).... 
do 

1,386,000 

50,000 

5.750 
14,000 

200 
250 

320,000 

33,000 

5,100 
26,900 

100 
640 

1,071,000 

32,000 
12,000 

Curdled  after  48  hours 
at  room  temperature; 
81  per  cent  acid;  sour, 
smooth  curd. 

Curdled.  48  hours:  0.42 

3 
4 

OS.e'CClSOT.).. 
do 

per  cent  acid;  nmooth 

curd. 
Curdled,  48  hours;  0.52 

per  cent  acid. 
Curdled,   48  hours  at 

5 
6 

71.1'*  C.  (160*  F.).. 
do 

100 
770 

30'  C;  64  per  cent 

acid. 
Curdled  after  24  hours 

at  room  temperature: 

sweet    rennet    curd; 

acidity  0.17  per  cent. 
Curdled.    48    nours: 

acidity  0.41  per  cent; 
partly  digested. 

These  experiments  show  that  a  high  temperature  for  a  considerable 
period  is  required  to  prevent  souring.  It  is  evident,  too,  that  pep- 
tonizing bacteria  are  of  no  more  importance  than  in  raw  milk,  for 
the  milk  must  be  held  four  or  five  days  before  their  numbers  in 
pasteurized  milk  are  as  great  as  those  in  raw  milk.  The  results 
also  indicate  that  milk  always  sours  when  pasteurized  under  condi- 
tions that  would  prevail  in  commercial  work,  although  the  souring 
is  delayed. 

EXAMINATION  OF  PASTETJBIZED   AND   RAW  MILK  TTNDEB  COM- 
MERCIAL CONDITIONS. 

The  experiments  which  have  been  described  indicated  what  might 
be  expected  of  commercially  pasteurized  milk  in  general  and  sug- 
gested the  procedure  for  t\)^  following  work. 
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THE   PASTEURIZED  MILK  9UPPLY  OF  A   SMALL   CITY. 

An  examination  was  first  made  of  pasteurized  milk  in  a  small 
community,  as  it  was  thought  that  the  conditions  in  a  small  city 
might  differ  from  those  of  the  larger  ones. 

The  pasteurized  milk  used  in  this  case  was  obtained  from  a  plant 
that  had  been  in  operation  about  three  weeks.  Before  pasteurizing, 
the  milk  was  run  through  a  separator  from  wliich  both  the  skim 
milk  and  the  cream  flowed  directly  into  a  heater  where  it  was  pas- 
teurized. Two  bottles  of  milk  were  delivered  daily  to  a  private  resi- 
dence and  then  taken  directly  to  the  laboratory.  Thus  the  work  was 
carried  on  without  the  knowledge  of  the  milk  company,  and  in  this 
way  milk  was  obtained  which  exactly  represented  the  city  supply. 
When  the  milk  was  received  at  the  laboratory  it  was  well  mixed  and 
a  portion  poured  off  to  faciUtate  the  shaking,  in  order  to  get  a  rep- 
resentative bacteriological  sample.  One  bottle  was  held  at  10°  C. 
(50°  F.)  and  the  other  at  22°  C.  to  25°  C.  (71.6°  to  77°  F.).  The 
data  obtained  are  tabulated  in  Tables  I  and  II  in  the  appendix. 

It  may  be  advisable  to  give  a  word  of  explanation  in  regard  to 
**0"  days  which  is  used  in  the  tables.  In  this  and  later  tables  '*0" 
days  is  taken  as  the  day  the  milk  was  received  at  the  laboratory; 
this  does  not  mean  ,that  the  milk  was  not  a  day  old,  but  that  it  was 
the  time  the  consumer  would  receive  it.  It  is  probable  that  in 
many  cases  this  milk  was  twenty-four  hours  old,  dating  from  the 
time  of  pasteurization.  As  may  be  seen  from  the  tables,  the  bacteria 
were  divided  into  three  groups — peptonizing,  lactic  acid,  and  alkali 
or  inert  bacteria. 

Under  peptonizing  bacteria  were  classed  all  forms  which  liquefied 
gelatin.  But  it  must  be  remembered  that  all  bacteria  which  liquefy 
gelatin  do  not  necessarily  digest  casein,  nor  do  all  casein  peptonizers 
cause  the  liquefaction  of  gelatin;  however,  it  is  safe  to  assume  that 
the  majority  of  bacteria  that  digest  casein  appear  on  the  gelatin 
plate  as  liquefiers. 

All  bacteria  that  gave  red  colonies  with  litmus  were  classed  under 
the  head  of  lactic-acid  bacteria.  On  account  of  the  scope  of  this 
definition  a  number  of  gas  formers  were  probably  included  and  in 
the  tables  this  has  been  indicated  by  adding  "lactis  aerogenes''  or 
the  letters  L  A.  after  the  count. 

In  the  group  called  alkaU-formers  or  inert  bacteria  were  classed 
all  those  forms  which  do  not  noticeably  produce  acid  or  liquefy 
gelatin.  In  some  cases  the  organisms  produced  enough  alkali  to 
form  distinct  bluish  colonies,  but  usually  there  were  very  few  which 
were  active  enough  to  show  any  alkaline  reaction  and  for  this 
reason  the  alkali  and  inert  bacteria  were  classed  under  one  head. 
In  many  instances  slow  acid-producing  organisms  may  not  have 
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produced  red  colonies  on  the  gelatin  plates  and  so  would  be  classed 
under  the  group  of  alkali  or  inert'  bacteria.  The  percentages  of  the 
diflferent  groups  together  with  the  total  counts  are  tabulated  in 
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Flo.  2.— Pasteoriied  milk  in  a  small  city.  Average  dally  counts  and  group  pevoentages  of  baetula  and 
average  daily  acidity  in  A ,  milk  held  at  10*  C.  (50*  F. ),  and  £,  milk  held  at  room  tempeimture,  22*  to  26* 
C.  (71.6*  to  77*  F.). 

Tables  III  and  IV  of  the  appendix.  In  these  tables  the  total 
counts  were  on  litmus  lactose  gelatin  and  the  percentages  are  in 
terms  of  the  bacterial  count.  The  differential  count  was  also  made 
on  Utmus  lactose  gelatin  plates. 

The  percentages,  total  counts,  and  daily  acidity  have  been  aver- 
aged and  are  shown  in  Table  6  below,  and  in  order  to  show  the  rela^ 
tion  of  the  groups  more  plainly  these  results  are  given  in  graphic 
form  in  figure  2. 

Table  6. — Pasteurized  milk  in  a  small  city — Average  counts  and  group  percentages  of 
bacteria  and  acidity  ^  compiled  from  data  in  Tables  i,  II,  III,  and  iVojihe  appendix. 


Acidity  and  bactf^rla. 


Milk  held  at  lO^C. 
(50"  F.). 


Odays. 


Acidity,  in  percentage  of  lactic  acid 

Bacteria  per  cubic  centimeter number 

Peptonizing  bacteria percent 

Laotlc-acid  oacteria do. . 

Alkali  or  inert  bacteria do. . 


0.15 

6,170.000 

6.72 

78.71 

13.39 


Iday. 


0.17 
44,000,000 

6.18 
82.79 
12.00 


Milk  held  at  22*  C.  to  25* 
C.  (71.6-77*  F.). 


Odays. 


0.16 
8,2fl0,000 

9.92 
66.76 
33.07 


Iday. 


0.64 

1»380,0(}0,000 

1.14 

00.03 

.19 
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While  it  may  be  seen  that  sometimes  the  group  percentages  of  the 
individual  samples  did  not  exactly  follow  the  average  percentages,  it 
is  believed  that  the  average  figures  show  the  true  relation  from  day 
to  day. 

Unfortunately,  in  the  first  part  of  this  work  the  milk  was  examined 
for  two  days  only,  and  the  curve  is  short  for  that  reason.  An  exami- 
nation of  the  curve  of  the  milk  held  at  10**  C.  (50°  F.)  shows  a  high 
initial  percentage  of  lactic-acid  bacteria,  which  increased  on  the 
second  day.  The  peptonizing  and  alkali  or  inert  bacteria  were  low 
and  the  per  cent  of  the  total  decreased  on  the  second  day.  It  must 
be  understood  that  where  the  curve  is  a  downward  one  it  does  not 
mean  a  decrease  in  actual  numbers  but  simply  a  lower  proportion  of 
the  total  mmiber.  For  example,  take  the  peptonizing  bacteria.  On 
the  first  day  these  were  approximately  6  per  cent  of  6,170,000  bac- 
teria per  cubic  centimeter,  while  on  the  second  day  they  were  approx- 
imately 5  per  cent  of  44,000,000  per  cubic  centimeter.  During  that 
time  there  was  a  corresponding  increase  in  the  numbers  and  propor- 
tion of  the  lactic-acid  bacteria. 

The  curve  of  the  mUk  held  at  room  temperature  shows  the  same 
relative  position  of  the  three  groups.  At  the  time  the  consumer 
would  receive  it  the  average  group  proportion  was:  Peptonizers,  9.92 
per  cent;  lactic-acid  bacteria,  56.76  per  cent;  alkali  and  inert  forms, 
33.97  per  cent.  After  holding  twenty-four  hours  at  room  tempera- 
ture the  proportion  of  acid  bacteria  rapidly  increased  to  99.03  per 
cent,  while  the  alkali  or  inert  forms  decreased  to  0.19  per  cent  and  the 
peptonizers  to  1.14  per  cent.  The  average  acidity  was  0.64  per  cent, 
indicating  a  sour  milk. 

The  result  of  the  examination  of  this  commercially  pasteurized 
milk  shows  that  the  lactic-acid  bacteria  were  not  destroyed  during 
pasteurization  and  that  the  souring  at  room  temperature  produced 
normal  acid  curds. 

A   STUDY   OF  PASTEURIZED  AND  RAW   MILK   IN   BOSTON. 

For  a  study  of  pasteurized  and  raw  milk  in  large  cities,  Boston, 
Mass.,  was  first  chosen.  Milk  from  various  sources  was  examined 
during  the  winter  of  1908-9  and  also  during  the  month  of  June,  1909. 
The  complete  data  obtained  are  tabulated  in  Tables  V  to  X  of  the 
appendix. 

The  samples  of  milk  in  every  case  were  delivered  at  private  resi- 
dences or  bought  at  stores,  so  that  they  represent  actual  commercial 
conditions.  In  other  words,  the  milk  in  every  case  represented  the 
condition  of  market  milk  when  received  by  the  consumer.  The  '^0" 
days  count  shows  the  condition  of  the  milk  when  delivered.  Milk 
purchased  in  stores — "loose''  or  "dipped''  milk — ^was  collected  in 
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clean  milk  bottles,  as  would  be  used  by  the  average  housewife. 
Differential  counts  were  made  on  litmus  lactose  gelatin  as  in  the 
previous  work.  The  bacteria  were  divided  into  three  groups  as  in 
the  former  case,  and  the  percentages  of  each  in  every  sample  is  shown 
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Fig.  3.— Pasteurized  and  raw  milk  in  Boston,  Mass.,  examined  during  November  and  December,  1906,  and 
January,  1909.  Average  dally  counts  and  group  percentages  of  bacteria  and  average  daily  acidity  in  pas- 
teurixed  and  raw  milk  held  at  10*  C.  (50*  F.).  A,  pasteurized  milk  from  dairy  B,  "flash"  process,  60* 
to  65.6*  C.  (140*  to  150*  F.);  B,  pasteurized  milk  from  dairy  A,  "holder"  process,  60*  to  65.6*  C.  (140*  to 
150*  F.);  C,  pasteurized  milk  from  dairy  C,  "flash"  process,  71.1*  to  73.8*  0.  (180*  to  165*  F.);  i>,  raw 
milk  from  dairy  G. 

in  Table  VIII  of  the  appendix.  The  figures  have  been  averaged, 
together  with  the  total  bacteria  and  acidity,  and  are  tabulated  in 
Table  7  below.  As  in  the  previous  work,  these  averages  are  shown 
graphically  in  figure  3. 

Table  7. — Raw  and  pasteurized  milk  at  Boston^  Mass. — Average  counts  and  group  per- 
centages of  bacteria  and  acidity y  compiled  from  datCL  in  Tables  V  and  VIII  of  the  appen- 
dix-Milk  held  at  10''  C.  (5(/  F.). 


Acidity  and  bacteria. 


Acidity,  In  percentage  of  lactic  acid 

Bacteria  per  c.  c Numlier 

Peptonizm^  bacteria Ter  cent 

I<actic-aci(l  bacteria do. 

Alkali  or  inert  bacteria do. . 


Dairy  A,  pasteurized. 


0  days. 


0.1<i 
49,9(i0 

8.80 
53. 35 
43.45 


Iday. 


0.20 

0  6,245,000 

11.90 

40.88 

62. 36 


Dairy  B.  pasteurised. 


Odays. 


0.20 

172,800 

12.18 

62.50 

25.31 


Iday. 


0.23 

2,856,000 

18.58 

52.76 

28.65 


Acidity  and  bacteria. 

Dairy  C,  pasteurized. 

Dairy  0,  raw. 

0  days. 

Iday. 

Odays. 

Iday. 

2  days. 

Acidity,  in  percentage  of  lactic  acid 

Bacteria  ner  c.  c N umber. . 

PeptonizliiK  bacteria Ter  cent. . 

Lactic-acid  bacteria do 

Alkali  or  inert  bacteria do 

0.20 

2.443,000 

lb.  (HS 

50.36 

41.24 

0.25 
67,800,000 

7.87 
68.20 
36.81 

•  0.17 

280,000 

18.63 

51.84 

30.12 

0.18 
22,562.000 

9.31 
57.83 
36.25 

0.23 
132,450,000 

8.44 
52.23 
42. 41 

o  High  average  due  to  one  high  count. 
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At  this  time  it  was  not  thought  necessary  to  examine  the  milk 
after  the  second  day,  since  milk  in  the  home  is  usually  consumed 
during  the  first  twenty-four  hours.  Later,  however,  the  advantage 
of  a  longer  holding  was  noted,  so  that  raw  milk  from  dairy  G  was  held 
for  forty-eight  hours.  Figure  3  shows  the  curves  of  the  milk  held  at 
10°  C.  (50°  F.). 

Milk  from  dairy  B  was  pasteurized  by  the  **  flash  "  process  and  from 
dairy  A  by  the  **  holder"  process.  In  both  cases  the  milk  was  deliv- 
ered in  bottles.  At  dairy  C  the  "flash"  process  was  used  and  the 
pasteurized  milk  sold  from  cans  in  stores.  Raw  milk  from  dairy  G 
was  inspected  milk  of  higher  quality  than  ordinary  market  milk. 
By  inspected  milk  is  meant  milk  which  is  constantly  being  examined 
by  a  bacteriologist  and  produced  from  herds  which  are  under  the 
supervision  of  a  veterinarian. 

WINTER   MILK. 

A  comparison  of  the  curves  of  dairy  A  and  dairy  B  shows  that  the 
peptonizing  bacteria  were  present  in  the  smallest  proportion  in  all 
cases.  The  best  pasteurized  milk  was  from  dairy  A,  as  shown  by  the 
count,  and  the  curve  shows  a  higher  proportion  of  alkali  or  inert 
forms  than  does  the  milk  from  dairy  B,  also  the  percentages  of  lactic- 
acid  bacteria  were  lower  in  dairy  A.  On  the  second  day  the  per- 
centage of  alkali  or  inert  bacteria  had  increased  in  the  milk  from 
dairy  A  so  that  they  were  present  in  greater  proportion  than  the 
lactic-acid  bacteria. 

The  curve  of  dairy  B  shows  a  decrease  in  the  percentage  of  lactic- 
acid  bacteria  and  an  increase  in  the  alkali  or  inert  forms,  but  the 
original  ratio  still  held.  If  the  curves  of  dairies  A  and  B  are  com- 
pared with  the  curve  of  dairy  C,  the  milk  from  which  showed  a  very 
high  average  count,  it  will  be  seen  that  the  ratios  were  approximately 
the  same  on  the  first  day,  but  changed  on  the  second  day.  The  pro- 
portion of  acid  bacteria  increased  instead  of  decreasing,  and  the 
alkali  or  inert  forms  decreased  instead  of  increasing.  The  peptonizing 
bacteria  also  decreased  in  percentage  instead  of  increasing  slightly  a^ 
they  did  in  the  other  pasteurized  milk. 

The  curves  of  group  percentages  of  the  raw  milk  show  about  the 
same  initial  group  proportion  as  the  pasteurized  milk.  The  per- 
centage of  the  lactic-acid  bacteria  was  approximately  the  same  as  in 
the  pasteurized  milk.  On  the  second  day  there  was  an  increase  in 
the  proportion  of  acid  bacteria,  which,  however,  decreased  on  the 
third  day.  The  percentage  of  alkali  or  inert  forms  increased  steadily 
during  the  first  two  days,  while  the  proportion  of  peptonizers 
decreased. 
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It  may  be  seen  that  the  relation  of  the  three  groups  of  bacteria  was 

about  the  same  in  the  pasteurized  and  raw  milk  during  the  first 
twenty-four  hours  except  in  the  case  of  dairy  A,  where  at  the  end  of 

twenty-four  hours  the  largest  proportion  of  the  bacteria  consisted  of 

alkali  or  inert  forms.     But  although  the  proportion  was  lower,  the 

actual  number  of  alkali  or  inert  bacteria  in  the  raw  milk  at  the  end 

of  twenty-four  hours  was  greater  than  the  number  in  milk  from 

dairy  A. 

In  regard  to  the  peptonizing  bacteria  in  pasteurized  milk  from 
dairies  A  and  B,  their  actual  numbers  as  shown  by  the  average  per- 
centages of  total  count  during  the  first  twenty-four  hours  were  lower 
than  in  the  raw  milk  from  dairy  G.  The  pasteurized  milk  sold  in 
cans  from  dairy  C,  however,  showed  a  higher  number  of  peptonizing 
bacteria  than  was  found  in  the  raw  milk,  both  in  the  initial  count  and 
after  twenty-four  hours. 

A  number  of  samples  of  milk  from  dairies  A  and  B  were  held  at 
room  temperature  and  examined  in  the  same  manner  as  those  held 
at  10°  C.  (50°  F.).  The  percentages  of  the  three  groups  of  bacteria 
and  the  total  count  are  shown  in  Table  IX  of  the  appendix.  The 
average  of  the  percentages,  together  with  the  average  total  count 
and  average  acidity,  are  shown  in  Table  8  below,  and  are  graphically 
represented  in  figure  4. 

Table  8. — Pasteurized  milk  at  Boston,  Mass. — Average  counts  and  group  percentages 
of  bacteria  and  acidity,  compiled  from  data  in  Table  IX  of  the  apperuiix — Milk  held  at 
21.1''  C.  (70°  F.). 


Acidity  and  bacteria. 


Dairy  A ,  pasteurized. 


0  days. 


Acidity,  In  percentage  of  lactic  acid 

Bacteria  pcrc.c * number 

Peptonizing  bacteria per  cent 

Lactic-acid  bacteria do. . 

Alkali  or  Inert  bacteria do. . 


0.20 
72,000 

5.43 
61.99 
37. 21 


1  day. 


0.26 

101.000.000 

12.  44 

59.74 

27.80 


Dairy  D.  pasteurized. 


0  days. 

1  day. 

0.22 

170.000 

10.79 

65.01 

24.20 

0.34 
300.137.000 

3.69 
76.74 
21  99 

The  curves  explain  themselves  and  only  a  few  words  need  be  sai<l 
regarding  them.  In  the  curve  of  milk  from  dairy  B  the  lactic-acid 
bacteria  formed  65.01  per  cent  of  the  total,  and  increased  to  76.74 
per  cent  in  twenty-four  hours.  .  The  acid  bacteria  in  milk  from  dairy 
A  constituted  61.99  per  cent  of  the  total  bacteria  and  decreased  to 
59.74  per  cent.  The  alkali  or  inert  forms  were  lower  in  proportion 
in  the  curve  of  dairy  B  than  in  dairy  A,  although  they  decreased  in 
both  in  twenty-four  hours.  The  peptonizers  represented  the  smallest 
group  in  both  cases.  It  will  be  noticed  that  the  average  bacterial 
count  of  milk  from  dairy  A  was  less  than  one-half  that  of  dairy  B, 
and  that  with  the  lower  count  the  lactic-acid  group  curve  is  downward, 
while  in  the  higher  count  the  curve  is  upward. 
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In  regard  to  the  milk  examined  in  Boston  during  the  winter  it  may 
be  said  that  pasteurized  milk  from  dairies  A  and  B  was  equally  as  good 
bacteriologically  as  raw  milk  from  an  inspected  dairy.  The  bacterial 
numbers  were  lower  during  the  first  twenty-four  hours  in  the  pas- 
teurized milk,  and  the  relative  proportions  of  the  three  groups  of 
bacteria,  namely,  peptonizing,  lactic  acid,  and  alkali  or  inert  bacteria, 
were  approximately  the  same.  On  the  other  hand,  pasteurized  milk 
from  dairy  C,  which  was  sold  from  cans  in  stores,  was  very  high  in 


S 


^ 


s 


^ 


70 
00 
SO 


.-' 


^1    ^ 


\ 


% 


^ 


30 
20 

to 

0 


,^Aao 


.^^ 


Off 
/Af£/fr 


SO 

70 
SO 
SO 

30 
20\ 
JO 


B 


^Pef70N/ZM6 


ACiO 


'^^ALMAU 
Off 
fffSffr 


.fi£P70/\ffZff^S 


i>Ays  0 

AV£fiA6£  AC/Ury  .£2 


/ 

.94 


AV£ffA6£        170,000       300^137,000 
BACT£fifA 
P£ff  C.C 


0 
72,000 


/ 
.26 
f04,00C^000 


Fig.  4.— Pasteurized  milk  in  Boston,  liass.,  examined  during  November  and  December,  1908,  and  January, 
1909.  Average  daily  counts  and  group  percentages  of  bacteria  and  average  daily  acidity  of  pasteurised 
milk  hekl  at  room  temperature,  21.1*  C.  (70*  F.).  A,  milk  from  dairy  B,  "flash"  process,  60*  to 65.6*  C. 
(140*  to  150*  F.);  J5,  milk  from  dairy  A,  "holder"  process,"  00*  to  65.6*  C.  (140*  to  150*  F.). 

bacteria  although  the  same  relative  proportion  of  groups  held  as  in 
the  milk  from  other  sources. 


SUMMER   MILK. 


In  order  to  study  the  condition  of  pasteurized  milk  in  Boston  in  the 
summer,  samples  of  milk  from  dairy  A  and  raw  milk  from  dairies  E 
and  F  and  from  stores  were  examined  during  June,  1909.  The  same 
methods  were  employed  as  in  the  winter  work.  Table  X  in  the 
appendix  shows  the  total  counts  on  litmus  lactose  gelatin  and  the 
percentages  of  the  three  groups  of  bacteria.  All  samples  were  held 
at  10°  C.  (50°  F.).  The  averages  are  shown  in  Table  9  below,  and  also 
in  figure  5. 
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Table  9. — Raw  and  pasteurited  milk  at  Boston,  Ma$8.,  in  summer — Average  counts  and 
group  percentages  oj  bojcteria  and  acidity,  compiled  from  data  in  Tables  VII  and  X  of 
the  appendix— Milk  held  at  W  C.  (50^  F.). 


Acidity  and  bacteria. 


Acidity,  in  percentage  of  lactic  acid 

Bacteria  per  c.  c number 

Peptonizing  bacteria per  cent 

Lactic-acid  bacteria do. . 

Alkali  or  inert  bacteria do. . 


Dairies  E  and  F  and 
stores,  raw. 


Odays. 


0.17 

10,883,000 

8.71 

67.00 

36.21 


1  day. 


0.24 
157,607,000 

6.59 
62.17 
35.18 


Dairy  A,  pasteurized. 


0  days. 


0.16 

251,600 

14.71 

22.00 

66.81 


1  day. 


0.15 

30,095,000 

12.16 

31.56 

64.28 


2  days. 


0  19 
173,500,000 

9.19 
71.04 
25.30 


It  may  be  seen  from  the  diagram  that  during  tlie  first  twenty-four 
hours  the  three  groups  were  not  in  the  same  relative  proportion. 
In  the  pasteurized  milk  on  the  initial  count  66.81  per  cent  of  the  total 
bacteria  were  alkali  or  inert  forms,  while  in  the  raw  milk  the  per- 
centage was  only  36.21  per  cent.  The  curve  of  the  alkali  or  inert 
forms  is  downward  in  both  cases,  and  after  forty-eight  hours  the  rela- 
tion of  the  alkali  or  inert  forms  to  the  acid  group  in  the  pasteurized 
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Fig.  5.— Pasteurised  and  raw  milk  In  Boston,  Mass.,  examined  during  June,  1909  Average  daily  counts 
and  group  percentages  of  bacteria  and  average  daily  acidity  of  pasteurized  and  raw  milk  held  at  10*  C 
(50"  F.).  A ,  Pasteurised  milk  from  dairy  A,  "  holder"  process,  GO"  to  65.6"  C.  (140'  to  150*  F.);  B,  Raw 
milk  from  stores  and  dairies  E  and  F. 

milk  was  just  reversed,  the  greater  proportion  of  the  total  bacteria 
being  lactic-acid  forms.  It  is  evident  that  in  this  series  of  samples  a 
small  proportion  of  lactic-acid  bacteria  was  left,  whicli  soon  increased 
so  as  to  form  the  majority  of  the  total  bacteria.  The  curves  of  the 
peptonizing  bacteria  are  downward  in  both  cases.  Wliile  the  per- 
centage was  slightly  higher  in  the  pasteurized  milk,  it  can  be  plainly 
seen  from  the  average  count  that  the  actual  number  of  peptonizers 
in  the  pasteurized  milk  was  less  than  in  the  raw  milk.    The  same  thing 
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was  true  of  the  alkali  or  inert  forms.  Take,  for  example,  the  average 
initial  count  in  the  pasteurized  milk,  251,000,  of  which  66.81  per  cent 
were  alkali  or  inert  forms,  which  means  approximately  168,000  per 
cubic  centimeter.  Compare  that  number  with  the  initial  count  in 
the  raw  milk,  which  is  36.21  per  cent  of  10,883,000,  or  approximately 
3,940,000.  Even  after  twenty-four  hours  the  same  thing  was  true. 
The  pasteurized  milk  had  64.28  per  cent  of  30,095,000,  or  approxi- 
mately 19,345,000,  as  compared  with  35.18  per  cent  of  157,607,000, 
or  approximately  55,440,000,  alkali  or  inert  bacteria  in  the  raw  milk. 

All  of  the  bottles  of  pasteurized  milk  and  most  of  the  bottles  of  raw 
milk  were  delivered  at  a  private  residence  at  from  2  to  4  o'clock  in  the 
morning  and  were  in  many  cases  placed  on  the  back  fence,  so  that  after 
sunrise  they  were  directly  in  the  sun's  rays  until  taken  into  the  house 
at  7  o'clock,  which  means  that  almost  all  the  milk  was  exposed  for 
several  hours  at  a  high  temperautre,  and  explains  the  high  bacterial 
count.  Such  methods  of  delivery,  however,  represented  the  average 
condition. 

A  few  samples  of  raw  and  pasteurized  milk  were  collected  at  the 
plant  of  dairy  B.  Unfortunately,  during  examination  the  gelatin 
plates  from  most  of  the  samples  melted,  due  to  the  very  hot  weather. 
The  counts  on  litmus  lactose  agar  and  a  few  differential  counts  on 
gelatin,  however,  maj*  be  found  in  Table  VII  of  the  appendix.  The 
samples  of  both  raw  and  pasteurized  milk  were  collected  at  the  plant 
and  taken  to  the  laboratory  without  icing,  and  as  the  temperature 
was  high,  the  high  counts  may  be  to  some  extent  due  to  that  fact. 
The  raw  milk  represented  the  regular  supply  which  was  delivered  to 
the  consumer,  while  the  pasteurized  milk  was  practically  the  same 
milk  heated.  The  samples  were  collected  in  steamed  bottles  just 
before  and  after  pasteurization,  then  placed  in  the  refrigerator  of  the 
dairy  for  twenty-four  hours  before  examination,  so  as  to  duplicate  com- 
mercial conditions.    The  total  counts  on  lactose  agar  are  shown  below : 


Raw. 

Pasteurized. 

14,500,000 

1,700.000 

25,000.000 

l,450.CGO 

8.900,000 

6,300. 0(X) 

48,000.000 

1,210.000 

12,600.000 

.  215.00(» 

32,000,000 

16.900.000 

4,095,000 

1,940.000 

From  the  differential  counts  in  Table  VII  it  will  be  seen  that  the 
group  relation  was  about  the  same  in  the  raw  and  the  pasteurized 
milk.  The  milk  was  pasteurized  by  the  ''flash"  process  at  a  tempera- 
ture of  about  62.8"*  C.  (145''"  F.).  While  the  pasteurized  milk  was 
evidently  better  than  the  raw  milk,  the  pasteurization  was  not 
efficient;  due  to  the  low  temperature  used.    It  may  thus  be  seen  that 
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under  summer  conditions  the  pasteurized  milk  examined  was  equally 
good,  if  not  better,  from  a  bacteriological  point  of  view  than  the  raw 
milk. 


A   STUDY  OF  PASTEURIZED  AND  RAW   MILK   IN   NEW  YORK  CITY. 

New  York  was  chosen  for  the  third  representative  city  for  the 
study  of  the  pasteurized  milk  problem.  The  milk  samples  were 
delivered  to  or  collected  by  private  individuals  so  as  to  get  represen- 
tative market  conditions.  They  were  held  at  two  temperatures, 
10°  C.  (50°  F.)  and  20°  C.  (68°  F.),  and  the  differential  bacteriological 
count  was  divided  into  three  groups,  all  of  which  are  represented  in 
the  data  as  shown  in  Tables  XI  and  XII  of  the  appendix.  The 
total  count  in  the  milk  held  at  10°  C.  (50°  F.)  and  the  percentages  of 
the  differential  groups  on  gelatin  have  been  tabulated  and  shown  in 
Table  XIII.  The  average  counts  and  group  percentages  of  bacteria 
are  given  in  Table  10  below,  and  these  averages  are  graphically  shown 
in  figures  6,  7,  and  8. 

Table  10. — Raw  and  pasteurized  milk  in  New  York  City — Averaae  counts  and  group  per- 
centages of  bacteria  and  acidity,  compiled  from  data  in  Tables  XI  and  XlII  of  the 
appendix— Milk  held  at  10°  C.  {50°  F.). 

DAIRY  H,  PASTEURIZED. 


Acidity  and  bacteria. 

Acidity,  in   percentage  of 

lactic  acid 

Bacteria  pore.  c.  .number. , 
Peptonizing   bacteria, 

percent 

Lactic  -  acid   bacteria, 

percent 

Alkali   or    inert    bacteria, 

percent 


0  days. 

1  day. 

2  days. 

3  days. 

• 

4  days. 

5  days. 

0  19 
16,100 

0  19 
43,000 

0.20 
2,033,000 

0.20 
12,470,000 

0  27 
28.200.000 

0  33 
100,260,000 

3.71 

17  53 

16.05 

11.35 

4.74 

5.58 

30.26 

6.79 

24.18 

39.06 

28.60 

51.68 

02  32 

78  31 

69.51 

57  91 

66.76 

41.82 

6  days. 

0  53 
310,000.000 

2  39 

77.32 

20.87 


DAIRIES  K 

AND  M,  PASTEURIZED. 

Acidity  and  bacteria. 

Odays. 

Iday. 

2  days. 

3da3r8. 

Acidity,  in  perccntaee  of  lactic  acid 

0.19 

21.400 

11.60 

29.56 

61.76 

0  19 
558.000 

9.04 
41.83 
50.62 

0.20 

5,317.000 

17  97 

26.67 

57.93 

0.25 

Bacteria  per  c.  c 

Peptoniz  np  bacteria 

Lactic-ac  d  bacteria 

Alkali  or  inert  bacteria 

number.. 

percent.. 

do... 

do... 

72,600,000 
12.05 
45.84 
44.70 

RAW. 


Acidity  and  bacteria. 


Acidity.  In  percentage  of  lactic  acid 

Bacteria  per  c.  c number. 

Peptonizing  bacteria per  cen t. 

Lactic-acid  ])ftcteria do. . 

Alkali  or  inert  bacteria do. . 


0  days. 


0.  IS 

174.000 

14. 02 

.V).  89 

29.27 


1  day. 


0.18 

1,120,0(K) 

15.  85 

48.  37 

36.65 


2  days. 


0  19 

6,200.000 

37.34 

20.93 

46.00 


3  days. 


0.21 

61,200.000 

20.81 

45.25 

34.08 


4  days. 


0.21 

78,000,000 

20.94 

43.21 

39.67 


Dairies  H,  K,  and  M  represent  three  of  the  largest  milk  companies 
in  New  York  which  pasteurize  their  milk.  The  raw  milk  examined 
came  from  dairies  P  and  N,  which  are  two  of  the  largest  companies 
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suppljring  raw  milk.    A  few  samples  of  raw  milk  were  purchased  in 
stores.    The  milk  was  held  and  examined  for  several  days. 

THB  DIFFERENTIAL  BACTERIOLOOICAL  CONTENT. 

It  may  be  seen  from  the  diagrams  that  in  the  pasteurized  milk  the 
alkali  or  inert  bacteria  constituted  the  lai^er  portion  of  the  flora 
during  the  first  few  days,  or  until  the  acidity  began  to  increase,  at 
which  time  the  percentage  of  lactic^acid  bacteria  took  the  lead.  On 
the  other  hand,  in  the  raw  milk  the  lactic-acid  forms  were  present  in 
the  greatest  proportion  on  the  initial  count,  but  later  on  the  other 
forms  increased  so  that  the  lactic-acid  bacteria  were  in  the  minority. 

too 


so 


/' 


y 


ACf^ 


N.. 


\ 


X 


\au(au  cr  mar 


OAKf        o 

MCTEMA 
f€RCC 


43,000         eft33ifi00     tg,47CyOOO     f9.S0Cfi00     tOO^gSOfiOO  SK^pOOifiOO 


TiQ.  0.~Pasteiirlzed  milk  In  New  York  City,  "holder''  process,  examined  during  February  and  Marcli, 
1909.  Average  daily  counts  and  group  percentages  of  bacteria  and  average  dally  acidity  In  milk  from 
dairy  H,  pasteurised  at  eo*  to  65.6*  C.  (140*  to  150*  F.)  and  held  for  six  days  at  10*  C.  (50*  F.). 

They,  however,  later  increased  to  a  point  where  they  again  formed 
the  largest  group. 

A  more  careful  analysis  of  each  diagram  shows  numerous  interest- 
ing points.  Figure  6  shows  the  average  counts,  daily  acidity,  and 
group  percentages  of  milk  from  dairy  H.  The  milk  was  pasteurized 
by  the  "  holder  *'  process.  One  striking  point  was  the  low  average 
counts  even  after  twenty-four  hours  holding.  The  pasteurizing 
process  was  evidently  very  efficient,  and  this  series  of  samples  repre- 
sents what  can  be  done  along  the  lines  of  pasteurization.  Along 
with  the  low  counts  will  be  noticed  a  reversal  of  group  ratios  as  com- 
pared with  Boston;  that  is  to  say,  a  large  proportion  of  alkali  or 
inert  bacteria  was  present  rather  than  lactic-acid  bacteria,  as  was 
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the  case  in  Boston  with  pasteurized  milk  of  a  higher  initial  count  and 
abo  with  raw  milk.  If  the  curves  of  the  three  groups  are  followed 
in  figure  6  it  will  be  seen  that  the  proportion  of  alkaU  or  inert  forms 
increased  slightly,  then  gradually  decreased,  until  on  the  fifth  day 
their  percentage  was  lower  than  that  of  the  lactic-acid  bacteria. 
The  latter,  after  a  slight  decrease  in  the  first  twenty-four  hours, 
steadily  increased  until  the  sixth  day,  when  they  constituted  77.32 
per  cent  of  the  total  bacteria.  The  peptonizers  were  in  the  smallest 
proportion  and  increased  slightly  during  the  first  twenty-four  hours 
and  then  gradually  decreased. 
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Fig.  T.—Pasteurlzed  milk  in  New  York  City,  "flash"  process,  examined  during  February  and  ICareh^ 
1909.  Average  dally  counts  and  group  percentages  of  bacteria  and  average  daily  acidity  in  milk  lh>m 
dairies  K  and  M,  pasteurized  at  70*  to  71.1*  C.  (158*  to  160*  F.)  and  held  for  three  days  at  10*  C.  (50*  F.). 

Figure  7  shows  the  averages  from  milk  pasteurized  by  the  "flash" 
process.  The  curves  of  the  groups  are  practically  the  same  as  those 
in  figure  6.  The  alkali  or  inert  forms  were  present  in  the  greatest 
proportion  and  gradually  decreased  as  the  milk  was  held.  The  curve 
of  the  acid  group  is  upward,  while  the  peptonizers  remained  in  rela- 
tively the  same  proportion.  The  variations  in  all  these  curves  are 
due  to  the  averaging  in  of  some  sample  which  had  a  very  high  count 
in  some  one  group,  so  the  curve  of  one  group  is  raised  and  another 
one  lowered.  This  point  is  shown  in  the  curve  in  figure  7,  where  on 
the  second  day  the  alkali  curve  rises  while  the  acid  curve  is  corr^ 
spondingly  lowered. 
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Figure  8  shows  the  group  percentages  of  raw  milk  held  at  10°  C. 
(60°  F.).  In  the  initial  count  there  were  56.89  per  cent  of  lactic- 
acid  bacteria,  as  compared  with  29.27  per  cent  of  alkali  or  inert  forms 
and  14.02  per  cent  of  peptonizers.  The  curves  show  how  the  relative 
proportion  held  during  four  days.  It  is  possible  that  the  inverted 
ratio  on  the  second  day  would  not  hold  If  more  samples  had  been 
examined. 


U 


,1 


70 

€0 

SO 

40 

SO 

30 

10 

O 


ALHAU  Off  WefTT 


PSfTONiX/AfG 


i  B  S  ^ 

./a  J9  .*/  '£f 

/,/£o,ooo     6,2oaooo     €/,ax>,ooo    re^ooo^ooo 


£^Kf  0 

A^M0£AC/a/7y  ,/o 

AV£MG£      IMiOOO 
SACTEmA 

FIG.  8.— Raw  milk  in  New  York  City,  examined  during  February  and  March,  1909.    Average  daily  ooonts 
and  group  percentages  of  iMcteria  and  average  daily  acidity  of  mflk  held  for  four  days  at  10*  C.  (fiO*  F.). 

Other  samples  of  milk  from  the  same  dairies  were  held  at  room 
temperature  and  examined  in  the  same  manner  as  those  held  at 
10°  C.  (50*^  F.).  Table  XIV  in  the  appendix  shows  the  total  counts 
and  group  percentages,  and  Table  11  below  gives  the  average  total 
counts,  acidity,  and  group  percentages.  The  averages  are  shown 
graphically  in  figure  9. 

Table  11. — Bxiw  and  pasteurized  milk  in  New  York  City — Average  counts  and  group  per' 
centages  of  bacteria  and  oddity ^  compiled  from  data  in  Tables  XII  and  XIV  of  the 
appendix— Milk  held  at  room  temperature,  20°  C.  (68°  F.). 


Acidity  and  bacteria. 


Acidity,  in  peroentage  of  lac- 
tic acid 

Bacteria  per  c.  c,  number. . . 

PeptonlEing  bacteria, per 
cent 

Lactk^add  bacteria,  percent. 

Alkali  or  inert  bacteria,  per 
cent 


Dairy  B,  pasteurixed. 


Odays. 


0.20 
12,300 

2.84 
23.27 

73.86 


Iday. 


0.20 
6,006,000 

15.40 
19.55 

64.90 


2  days. 


0.53 
317,000,000 

1.93 
72.91 

26.14 


Dairies  K  and  M, 
pasteurized. 


Odays. 


0.17 
13,000 

14.70 
27.60 

64.52 


Iday. 


Raw. 


Odays. 


0. 22        0. 18 
20,900,000  129,000 


5.71 
50.89 

48.94 


18.13 
47.18 

34.67 


Iday. 


0.28 
84,000,000 

15.41 
47.89 

38.61 
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Little  need  be  said'regarding  the  curves,  as  they  explain  themselves. 
In  the  pasteurized  milk  the  percentage  of  lactic-acid  bacteria  was 
small  on  the  initial  count,  but  in  the  case  of  dairy  H  after  forty-eight 
hours,  and  dairies  K  and  M  after  twenty-four  hours,  the  majority  of 
the  total  bacteria  were  of  the  lactic-acid  group.  In  the  raw  milk  the 
lactic-acid  forms  constituted  the  largest  proportion  on  the  initial 
count  and  the  relative  proportion  of  the  three  groups  did  not  change. 
The  actual  numbers  of  the  alkali  or  inert  bacteria  and  the  peptonizers 
were  much  less  in  the  pasteurized  milk  than  in  the  raw  milk.  It  will 
also  be  noticed  that,  as  was  the  case  with  the  pasteurized  milk  held  at 
10**  C.  (50°  F.),  the  percentage  of  the  lactic-acid  group  reached  that 
of  the  alkali  or  inert  group  more  quickly  in  milk  pasteurized  by  the 


f  MMtU 


»Mimu 


ACfOfTYJO 
aACJOM 


/  M 

.20  .S3 

tfiosjooo     Sizooa^doo 


0 
.17 

a.ooo 


/ 


Fio.  9.— Pasteorixed  and  raw  milk  in  New  Yorlc  City.  Average  dally  ooonts  and  group  pefoentages  of 
bacteria  and  average  daily  acidity  of  millc  held  at  room  temperature,  20*  C.  (68*  F.)«  A.^  pasteurized 
milk  from  dairy  H,  "holder"  process,  fiO*  to  65.6*  C.  (140*  to  ISO*  F.):  B,  pasteurised  milk  from  dairies 
K  and  M,  "flash"  process,  70*  to  71.1*  C.  (158*  to  160*  F.);  C,  raw  mUk. 

"flash"  process.  This  is  seen  in  the  curves  of  the  milk  from  dairies 
H,  K,  and  M  in  figures  6,  7,  and  9.  This  is  probably  due  to  the  fact 
that  the  lactic  forms  which  survive  the  *^  holder"  process  grow  slower 
than  those. left  by  the  *' flash"  process.  That  lactic-acid  bacteria  do 
survive  pasteurization  will  be  shown  later.  The  statement  is  often 
made  that  pasteurized  milk  does  not  sour,  but  this  work  does  not 
support  such  a  view. 

DEYELOPHENT   OF   ACIDITY. 

In  figure  10  are  given  four  curves,  showing  the  acidity  of  various 
kinds  of  milk.  Each  curve,  except  the  one  for  certified  milk,  repre- 
sents the  average  daily  acidity  of  a  number  of  samples.  The  curve 
of  acidity  of  certified  milk  represents  one  sample.    All  the  samples  of 
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pasteurized  and  raw  milk  were  low  in  bacteria  initially  and  repre- 
sented the  best  quality  of  milk  of  their  respective  kinds.  In  the 
samples  held  at  10°  C.  (50°  F.)  it  may  be  seen  that  the  pasteurized 
and  raw  milk  soured  at  approximately  the  same  time,  while  the  certi- 
fied remained  sweet  some  few  days  longer.  The  same  holds  true  in  the 
acidity  curves  when  the  milk  was  held  at  room  temperature.  In  the 
various  tables  of  complete  data  in  this  paper  will  be  found  remarks 
as  to  the  taste  of  milk  after  holding.  Often  a  sample  of  milk  has  been 
marked  as  having  an  ''old''  taste  which  in  many  cases  was  so  strong 
as  to  render  the  milk  unfit  for  consumption.  This  taste  is  considered 
by  many  to  be  characteristic  of  pasteurized  milk.  This  work  has 
shown,  however,  that  the  ''old''  taste  occurs  in  any  milk,  raw  or 
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TtiQ.  10.— Pasteurised  and  raw  milk  in  New  York  City.  Comparison  of  average  dally  acidity  at  10*  C. 
(50*  F.)  and  at  room  temperature,  20*  to  23.3*  C.  (68*  to  74*  F.).  K and  M, mUk  pasteurized  by  " flash" 
process  from  dairies  K  and  M;  H,  milk  pasteurized  by  "holder"  process  from  dairy  H;  Raw,  raw  milk 
from  stores  and  dairies  N  and  P;  Certified,  one  sample  of  certified  milk. 

pasteurized,  which  is  low  enough  in  bacteria  to  remain  sweet  for 
several  days  when  held  at  low  temperatures,  and  is  probably  due  to 
the  alkali  or  inert  bacteria.  The  certified  milk  examined  gave  a 
putrid  taste  and  odor  on  the  seventh  day,  although  not  sour  until  the 
ninth  or  tenth  day. 


GROWTH  OP  PEPTONTZINO  BACTERIA. 

In  Table  12  is  tabulated  the  number  of  peptonizing  bacteria  in  the 
pasteurized  and  raw  milk  in  New  York  held  at  10°  C.  (50°  F.). 

The  table  shows  that  the  numbers  of  peptonizing  bacteria  in  pas- 
teurized milk  were  as  low,  if  not  lower,  than  in  raw  milk  after  twenty- 
four  hours,  and  that  they  were  much  lower  after  forty-eight  hours. 
Even  when  older  the  numbers  of  peptonizers  were  nearly  equal  in  the 
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two  kinds  of  milk.  If  it  is  assumed  that  the  peptonizing  bacteria  are 
not  injurious  in  raw  milk,  then  they  can  not  be  considered  injurious 
in  pasteurized  milk,  since  their  numbers  in  both  kinds  of  milk  are 
about  the  same. 


Table  12. — Baw  and  pasUuriud  milt  in  New  York  Oitif — Cornparison  of  growth  of 

peptonuing  bacteria— MUk  held  at  10°  C.  {50°  F.). 

PASTE  UBIZRD  MILK. 
<'HOLDn"  PBOCB8S,  60*  TO  66*  C.  (140*  io  160*  F.). 


Sample 
No. 

Odays. 

Iday- 

2da78. 

8  days 

4  days. 

6  days. 

Odays. 

201 
203 
206 
207 
209 
211 
213 
215 
217 
210 
221 

600 
200 

1,000 

60,000 
900,000 

1,600,000 

i,i66,666 

2,000,000 

3,000.000 
6.000.000 
2,000.000 
b,  000, 000 

1,000 

100,060 

900.000 
7,000,000 
4,000,000 
3,000,000 

14,000 

1,300,000 
1,000,000 
3,000,000 
1,000,000 

900 

170,000 
1,000,000 
4,000,000 
4,000.000 
1,000,000 

1,000 

63,000 

1,000 

4oa 

300 
300 

270,000 

10,000 

800,000 

1,000,000 

100,000 

22,000 

4,000 

14,000 

110,000 

tt 


Flash"  Pbogxss,  71.1*  0.  (160*  F.). 


225 
227 
229 
231 
233 
236 

1,000 

1,300 

800 

600 

800 

1,400 

(«) 

10,000 
6,000 

300,000 

700,000 

3,000,000 

4,000,000 

4,000,000 

1,000,000 

1,100,000 

600,000 

100,000 

PASTEURIZED  IN  COUNTRY. 
"Flash"  Process,  70*  C.  (168*  F.). 


237 
230 
241 
243 
245 

300 

21,000 

900 

1,200 

3,800 

90,000 

4,000.000 

130.000 

10,000 

200.000 
240,000 

8,000.000 

19,000.000 

2,000,000 

2,000,000 

600,000 

RAW  BilLK. 
BOTTLBD  11Q.X. 


263 
261 
256 
267 
260 

7,000 

1,100 

12,000 

30,000 

60,000 

60,000 

30,000 

20,000 

1,300,000 

4,000,000 
1,200,000 
1,300.000 
2,700,000 

3,000,000 
16,000,000 

7,000,000 
6,000,000 

22,000,000 
28,000,000 

15,000,000 
18,000,000 

2,000,000 

Different  1£q.k  from  Stores. 


263 
265 

267 
260 

2,800,000 

13,000 

2.000 

2,200 

8,000,000 

170,000 

80.000 

100,000 

17,000,000 
3,600,000 
2,300,000 

12,000,000 

9,000.000 
23,000.000 
15,000,000 

26,000,000 

30,000 

•  0  in  100  dilutions.        »  0  in  1,000  dilations.       «  0  In  10,000  dilations.       do  in  100,000  dOations. 
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RAW   MILK  IN   WASHINGTON,  D.  C. 

After  completing  the  investigation  of  pasteurized  milk  in  Boston 
and  New  York  it  was  thought  advisable  to  obtain  a  good,  clean,  raw 
milk  in  order  to  show  more  conclusively  the  relation  of  the  three 
bacterial  groups.  Two  sources  were  drawn  upon  in  Washington, 
D.  C,  and  the  results  obtained  are  compiled  in  Tables  XV  and  XVI 
of  the  appendix. 

In  order  to  make  the  entire  investigation  analogous,  the  same 
methods  were  employed  with  the  exception  of  making  no  total  count 
on  lactose  agar.  The  samples  from  dairy  T  were  delivered  at  a 
private  residence  and  then  taken  directly  to  the  laboratory  and 
plated.  The  samples  from  dairy  S  were  bought  on  the  open  market. 
The  samples  were  held  at  two  temperatures,  as  before — 10°  C.  (50°  F.), 
and  room  temperature — and  the  bacterial  counts  divided  into  the 
same  groups.  In  Table  XVII  the  coimts  and  percentages  of  the 
different  groups  are  tabulated,  and  the  averages  in  Table  13  below  are 
drawn  directly  from  these  percentages.  These  averages  are  shown 
graphically  in  figure  11. 

Table  13. — Raw  milk  at  Waskingtoriy  D.  C. — Average  counts  and  group  percerUaqes  arid 
acidUVj  compiled  from  data  in  Table  XVII  of  the  appendix — Samples  from  dairy  T 
milk  held  at  W  C.  {50''  F.). 


Acidity,  in  percentage 
of  lactic  add 

Bacteria  per  c.  c,  num- 
ber  

Peptonizing     bacteria, 
percent 

Lactic-acid  bacteria,  per 
cent 

Alkali  or  inert  bacteria, 
percent 


Odays. 

1 

Iday. 

2  days. 

0.16 

0.17 

0.18 

186,000 

8,200,000 

64,500,000 

22.03 

23.12 

23.05 

29.81 

20.60 

18.01 

48.85 

56.03 

68.03 

3  days. 


0.27 

236,000,000 

21.24 

34.04 

43.90 


4  days. 

5  days. 

0.42 

0.66 

352,000,000 

557,000,000 

19.80 

13.95 

32.63 

26.93 

47.54 

60.08 

Odays. 

0.66 
519,000,000 

9.80 
56.04 
34.06 


The  milk  described  in  Table  13  and  figure  11  was  held  at  10^  C. 
(50°  F.),  and  represents  a  good  grade.  The  average  initial  count  is 
rather  high,  mostly  due  to  one  sample  with  an  especially  high  count. 
In  order  to  make  the  curve  smooth  the  group  percentages  for  the  fifth 
day  were  not  plotted.  It  may  be  seen  that  the  curves  correspond  to 
those  of  the  pasteurized  milk  in  New  York  shown  in  figures  6  and  7; 
that  is  to  say,  the  majority  of  the  bacteria  on  the  initial  count  were 
of  the  group  of  alkali  or  inert  forms  which  gradually  decreased.  The 
lactic-acid  group  increased  while  the  peptonizers  decreased.  If  the 
curves  are  followed  carefully  it  may  be  noted  that  the  group  of  alkaU 
or  inert  forms  increased  for  two  days,  then  decreased  until  the  sixth 
day,  when  the  lactic^acid  bacteria  were  in  the  majority.    The  lactic 
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forms  decreased  during  the  first  forty-eight  hours,  then  increased  to 
56.04  per  cent  of  the  total  bacteria  on  the  sixth  day.  The  peptonissers 
were  present  initially  in  a  lai^er  percentage  than  is  usual  in  the  milk 
previously  examined,  but  they  graduaUy  decreased.  The  acidity 
increased  slowly,  and  if  Table  XV  of  the  appendix  is  consulted  it 
will  be  seen  that  on  the  third  and  later  days  many  of  the  samples 
were  described  as  having  an  ''old''  and  in  some  cases  a  slightly  putrid 
taste. 
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Fio.  11.— Raw  milk  In  Washington,  D.  C.    Average  daily  counts  and  group  percentages  of  bacteria  and 
average  dally  acidity  of  millc  from  dairy  T,  held  for  six  days  at  10*  C.  (50*  F.). 


A  number  of  samples  from  the  same  source  were  held  at  room  tem- 
perature and  examined  in  a  similar  manner.  Table  XVIII  in  the 
appendix  gives  the  group  percentages  and  counts,  and  the  averages 
are  shown  in  Table  14  below.  The  curves  of  the  averages  are  shown 
in  figure  12. 

Table  14. — B.aw  milh  at  Waskingtony  D.  C. — Average  counts  and  group  percentages 
and  acidity,  compiled  from  data  in  Table  X  VI if  of  the  appenmx — Samples  Jrom 
dairy  T—Milk  held  at  room  temperature ^  20""  C.  (68°  /.). 


Acidity  and  bacteria. 

0  6&ys. 

Iday. 

1 

2  days. 

Acidity,  in  percentage  of  lactic  acid 

0.16 

96.500 

14. 67 

35.38 

60.68 

0.21 
92,160,000  1 
24.17  ' 
27.78 
48.03 

0.61 

Bacteria  per  c.  c 

Peptonizing  bacteria 

LactlcMicid  bacteria 

A  Ikall  or  inert  bacteria 

number.. 

per  cent.. 

do — 

■   •••••■■■•  V&W  a    •    •    • 

585,000.000 
10.15 
54.50 
35.05 

COMPABISON  OF  BAW  AND  PASTEUBIZED  MILK. 
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The  curves  approximate  very  closely  those  of  the  pasteurized  milk 
from  dairy  H,  New  York  (see  fig.  9).  The  percentage  of  the  group  of 
alkali  or  inert  forms  was  « 

closer  to  that  of  the  lac- 
tic-acid group  than  in 
the  case  of  the  pasteur- 
ized milk,  but  they  were 
in  the  majority,  and  so 
the  relative  proportion 
of  the  three  groups  was 
the  same  in  both  cases. 
As  in  the  pasteurized 
milk  from  dairy  H,  the 
proportion  held  for 
twenty-four  hours,  after 
which  the  milk  soured 
and  the  majority  of  the 
bacteria  were  in  the 
lactic-acid  group.  The 
per  cent  of  peptonizers 
increased  during  the  first  twenty-four  hours  and  then  decreased,, 
but  as  in  all  previous  samples  constituted  the  minority  group. 

DiscrrssioN  of  besults  obtained  fbom  analysis  of  com- 

MEBCIAL  MTTiy, 
A  COMPABISON  OF  VARIOUS  GRADES  OF  PASTEURIZED  AND  RAW  MILK. 

Since  the  bacterial  flora  of  milk  is  believed  to  be  changed  after 
heating,  it  may  be  of  interest  to  compare  a  few  of  the  various  grades 
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Fio.  12.^Raw  milk  in  Washington,  D.  C.    Average  dally  oounte 
and  group  percentages  of  bacteria  and  average  daily  acidity  of 
milk  from  dairy  T,  held  for  two  days  at  room  temperature, 
»•  C.  (68*  F.). 
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Fio.  13.~Compail8on  of  high-grade  pasteurized  and  raw  milk  held  for  six  days  at  10^  C.  (50*  F.)    Average 

daily  counts  and  group  percentages  of  bacteria. 


of  milk  previously  described.  Figure  13  shows  the  group  percentage 
curves  of  a  good  pasteurized  milk  as  compared  with  a  clean,  raw  milk 
held  at  10**  C.  (50*^  F.). 
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In  general  it  may  be  said  that  the  relative  proportion  of  the  groups 
in  a  good  grade  of  pasteurized  milk  is  approximately  the  same  as  that 
in  a  clean,  raw  milk.  The  alkali  or  inert  forms  in  both  cases  form 
the  majority  of  the  bacteria,  and  increase  in  their  proportion  during 
the  first  day  and  then  gradually  decrease  imtil  the  fifth  day,  when 
their  percentage  is  lower  than  that  of  the  lactic-acid  group.  The 
acid  bacteria  constitute  on  the  initial  count  from  20  to  30  per  cent 
of  the  total,  and  after  a  decrease  in  proportion  during  the  first  twenty- 
four  hours  they  gradually  increase  to  form  the  largest  portion  of  the 
bacterial  content  on  the  sixth  day.  In  both  the  pasteurized  and  the 
raw  milk  the  peptonizers  are  the  smallest  group;  they  increase  slightly 
in  proportion  and  then  gradually  decrease.     The  group  percentages 
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Fio.  14.— Comparison  of  hl^-grade  pasteurised  and  raw  milk  held  for  two  days  at  room  temperature,  20* 

C.  (68*  F.).    Average  daily  counts  and  group  percentages  of  bacteria. 

are  much  closer  in  clean,  raw  milk  than  in  good,  pasteurized  milk,  as 
may  be  seen  from  the  diagram. 

When  the  same  grades  are  held  at  room  temperature — 20°  C. 
(68°  F.) — the  group  percentages  stand  in  the  same  relative  propor- 
tion in  both  the  pasteurized  and  the  raw  milk  (see  fig.  14). 

The  groups  stand  in  the  same  positions  initially  as  in  the  series  at 
10°  C.  (50°  F.),  but  their  proportion  in  both  cases  changes  after 
twenty-four  hours.  The  change  is  the  same  as  at  the  lower  tempera- 
ture, except  that  the  lactic-acid  group  reach  the  ascendancy  at  the 
end  of  forty-eight  hours  instead  of  on  the  sixth  day. 

It  is  evident  from  these  curves  that,  bacteriologically,  a  clean,  raw 
milk  is  not  superior  to  a  good  grade  of  pasteurized  milk  either  in  regard 
to  the  proportion  of  the  various  groups  or  to  the  actual  bacterial 
numbers. 
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Having  compared  a  good  grade  of  pasteurized  milk  with  a  clean, 
raw  mUk,  a  good  pasteurized  milk  may  now  be  compared  with  an 
inspected  milk  of  a  little  higher  bacterial  count  than  the  clean  milk 
and  also  with  a  less  efficiently  pasteurized  milk. 

In  figure  15  A  represents  a  clean,  pasteurized  milk,  B  a  fair  grade 
of  inspected  raw  milk,  and  G  an  inferior  grade  of  pasteurized  milk. 
The  most  striking  feature  is  the  difference  in  percentages  of  the  alkali 
or  inert  groups  and  the  acid  groups  in  the  three  kinds  of  milk.  B  and 
6^  are  approximately  alike,  while  in  A  the  position  of  the  acid  and  alkali 
or  inert  groups  is  inverted.  That  means  that  in  less  efficiently  pas- 
teurized milk  less  of  the  acid  group  are  destroyed,  so  that  after 
pasteurization  the  group  percentages  correspond  closely  to  the  pro- 
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Tn.  15.— Compariaon  of  high-grade  and  low-grade  pceteorised  milk  with  raw  milk.  Average  dally  counts 
and  group  percentages  of  bacteria  in  samples  held  at  10*  0.  (50*  F.).  A,  good  grade  of  pasteurised  milkr 
B,  fair  grade  of  inspected  raw  milk;  C,  inferior  grade  of  pasteurised  milk. 

portion  of  the  three  groups  in  ordinary  raw  milk.  On  the  other  hand, 
in  the  be^  grades  of  pasteurized  milk  the  acid  bacteria  are  reduced 
so  that  the  majority  of  bacteria  are  alkali  or  inert  forms,  as  is  the 
case  in  clean,  raw  milk.  If  B  and  O  are  compared  it  is  hard  to  see 
how  the  raw  milk  can  be  called  superior,  bacteriologically,  even  to 
the  less  efficiently  pasteurized  milk. 


THE  ABSENCE   OF  ACID   BACTERIA   IN  BEST  GRADES  OF  RAW  MILK. 

It  has  been  shown  in  figure  13  that  a  clean,  raw  milk  may  have  only 
a  small  percentage  of  lactic-acid  bacteria,  and  this  point  may  be  more 
thoroughly  shown  in  the  following  tables. 
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Table  15. — Shoyyirhg  daily  percentage  of  lactic  acid  and  other  bacteria  in  clean^  raw  mitt. 

SAMPLE  251,  CERTIFIED  MILK  HELD  FOR  SEVEN  DAYS  AT  !©•  C.  (50*  F.). 


Sample 
No. 

milk 

in 
days. 

Acidity 
in  per- 
centage 
of  lactic 
acid. 

Total  bacte- 
ria per  c.c.  on 
I^^os  lac- 
tose gelatin. 

Pepto- 
nizing 
bacteria. 

Lactio- 

acid 
bacteria. 

AlkaU    1 
or  inert 
bacteria. 

1 
251 

0 
1 
2 
3 

4 
5 
0 
7 

0.18 
.18 
.18 
.18 
.18 
.18 

Number. 
300 

Per  cent. .  Per  cent. 

1 
Per  ceru. 
100.00 

2,000 
17,100,000 
15,000,000 
24,700,000 

60.00 

60.00 
97.66 
80.00 
90.28 

2.33 

20.00 

9.71 





.23 

53,000,000          16.08 

5.66 

77.36 

SAMPLE  252,  CERTIFIED  MILK  HELD  FOR  THREE  DAYS  AT  ROOM  TEMPERATURE. 

20*  C.  (68*  F.). 


252 

1 

r  0 
1 

2 
3 

0.18 
.19 
.18 
.60 

200 

10,000 

23,000,000 

481,000,000 

100.00 

100.00 

26.08 

31.18 

60.86 
2.91 

13.04 
65.90 

Table  15  gives  the  total  count;  daily  acidity,  and  group  percentages 
in  a  sample  of  certified  milk  held  at  10^  C.  (50^  F.)  and  a  duplicate 
sample  at  20°  C.  (68°  F.).  In  the  milk  held  at  the  low  temperature 
there  was  only  a  slight  increase  in  acid  during  seven  days.  However, 
the  bacterial  content  increased  to  53,000,000  per  cubic  centimeter,  of 
which  only  5.66  per  cent  were  of  the  lactic-acid  group.  Up  to  the 
seventh  day  no  organisms  of  the  acid  group  were  found;  the  majority 
of  the  bacteria  belonged  to  the  group  of  alkali  or  inert  forms,  while 
on  some  days  there  was  a  considerable  percentage  of  peptonizers. 
The  fact  that  no  lactic-acid  bacteria  were  found  on  the  plates  during 
the  first  six  days  does  not  necessarily  indicate  that  none  were  present, 
but  merejy  shows  that  their  numbers  were  so  small  that  they  did  not 
show  up  at  the  dilutions  made  necessary  by  the  numbers  of  the  other 
groups.  In  the  milk  held  at  room  temperature  similar  conditions 
existed  during  the  first  two  days;  that  is  to  say,  lactic-acid  bacteria 
were  absent,  and  in  this  special  case  peptonizers  also.  On  the  third 
day  acid  bacteria  appeared  and  on  the  fourth  day  were  in  the  majority. 

The  fact  that  the  cleaner  the  milk  the  lower  will  be  the  percentage 
of  lactic-acid  bacteria  is  further  supported  by  four  samples  of  clean 
milk,  three  of  which  would  come  under  the  head  of  certified  milk. 
The  percentages  of  the  various  groups  in  these  samples  are  shown  in 
Table  16. 


COHPABISON  OF  BAW  AND  PASTEURIZED  MILK. 
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Tablb  16. — Daily  percentage  of  lactic  acid  and  other  bacteria  in  clean  raw  milk  held  at 

10"*  C.  (50**  F.). 


Sam- 
ple No. 

milk 

in 
days. 

Acidity 
as  per- 
centage 
oflacUo 
acid. 

Total  bacteria 

perc.  c.  on 

litmus  lactose 

gelatin. 

Pepto- 

nising 

bacteria. 

Lactic- 
acid 
bacteria. 

AlkaU 
or  inert 
bacteria. 

841 

342 

343 
344 

f     0 
1 

2 

3 

4 

6 

6 

I     7 

f     0 
1 

2 

3 

4 
5 
6 

1 
2 
3 
4 

0 

1 
2 
3 

0.19 

Number. 

4,400 

50.000 

81,200,000 

84,000,000 

200,000,000 

140,000,000 

Percent. 
34.09 
30.00 
9.61 
20.58 
80.00 
31.42 

Percera. 
13.63 

Percent. 
52.27 
70.00 
90.38 
79.41 
70.00 
62.85 

.21 
.21 
.20 

.28 
.50 

.19 
.20 
.19 

410,000,000 

1,400 

4,000 

868,000 

86,700,000 

81,000,000 

36.58 

67.14 

52.60 

4.14 

8.71 

6.17 

17.07 

14.28 
22.50 

46.34 

28.57 
25.00 
95.86 
91.28 
93.82 

.27 

.43 
.19 

590,000,000 

67,000 

8,200,000 

27,700,000 

3.38 

43.28 
20.73 
18.06 

42.37 
6.97 

64.23 

50.74 
79.26 
81.22 

.21 

.72 

.25 

292,000,000 

6,400 
170,000 

4.79 

70.37 
36.29 

38.01 
11.11 

67.19 
18.61 

.21 

64.70 

.24 

122,000,000 

11.47 

.81        87.70 

A  discussion  of  this  table  is  hardly  necessary.  The  absence  of 
bacteria  of  the  acid  group  may  be  noticed  in  all  cases,  also  the  cor- 
respondingly high  percentage  of  the  other  two  groups. 

THE  BACrnSRIAL  CONTENT  OF  PASTEURIZED  AND  RAW  MILE. 

Thus  far  the  proportion  of  groups  of  bacteria  in  pasteurized  and 
raw  milk  has  been  discussed.  The  bacterial  numbers  in  both  kinds 
of  milk  may  now  be  considered. 

INITIAL  COUNTS  OF  BACTBRIA. 

In  Table  17  the  samples  of  pasteurized  and  raw  milk  are  grouped 
into  classeS;  the  limits  of  which  are  purely  arbitrary,  based  according 
to  their  counts.  The  bacterial  numbers  represent  the  initial  count 
of  bacteria  per  cubic  centimeter  in  the  various  kinds  of  milk  as  the 
consumer  received  it.  Comparison  of  pasteurized  and  raw  milk  in 
Boston  shows  that  the  bacterial  numbers  from  dairies  A  and  B  were 
on  the  whole  lower  than  those  of  raw  milk  from  dairy  G,  although 
dairy  G  is  one  of  the  best  dairies  supplying  raw  milk  to  the  city. 
The  bacterial  counts  of  the  pasteurized  milk  from  dairy  C  are  given 
separately  in  order  to  show  the  high  counts,  which  are  quite  significant. 

This  milk  was  sold  from  cans  in  markets  and  bakeries  and  very 
little  was  bottled  except  for  special  trade.  The  samples  were  pur- 
chased from  shops  at  various  times  in  glass  milk  bottles  which  were 
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clean  although  not  sterile.  Undoubtedly,  however,  the  conditions 
under  which  the  milk  was  purchased  duplicated  those  under  which  the 
housewife  would  purchase  the  same  milk.  An  examination  of  the 
machine  at  the  plant  showed  the  process  to  be  quite  efficient,  and 
doubtless  the  high  counts  were  due  to  infection  from  the  milk  cans 
and  wooden  stoppers  or  to  long  holding  of  the  milk  in  the  shops. 
Whichever  was  the  cause,  it  appears  evident  that  pasteurized  milk 
should  not  be  suppUed  in  cans,  especially  where  it  is  to  be  sold  to  the 
consumer  from  stores.  It  may  be  seen  from  the  table  that  in  the 
summer  pasteurized  milk  from  daiiy  A  was  much  lower  in  bacterial 
numbers  than  the  raw  milk  examined.  As  explained  earlier  in  this 
paper,  in  all  the  milk  the  counts  were  high,  due  to  the  method  of 
delivery  in  which  the  milk  was  exposed  to  high  temperatures  during 
the  early  morning  hours.  The  pasteurized  milk  examined  in  New 
York  showed  very  low  counts — 29  out  of  a  total  of  39  being  below 
20,000  per  cubic  centimeter.  The  majority  of  the  samples  of  pas- 
teurized milk  were  much  lower  in  bacteria  than  the  raw  milk. 

Table  17. — Comparisim  of  bacterial  content  of  raw  and  pasteurized  milk  from  various 
sources — The  samples  of  each  hind  of  milk  arranged  in  classes  according  to  their  initial 
bacterial  count. 


Class. 

Bacteria  per  c.  c. 

Boston,  winter. 

Boston,  summer. 

New  York,  winter. 

Pasteurized  milk. 

Raw  milk 

from 
dairy  a. 

Pasteur- 
ised milk 

from 
dairy  A. 

Raw  milk 

from 
stores  and 

dairies 
EandF. 

Pasteur- 
ized milk 
from 

dairies 
H,J^and 

Raw  milk 

from 

dairies 

PandN 

and 
stores. 

From 

dairies 

AandB. 

From 
dairy  C. 

A 
B 
C 
D 
E 
F 
O 
H 

0  to  20.000 

SampUa. 
7 

16 
8 

15 
1 
0 
2 
0 

SampUa. 

1 

1 
0 
0 
17 
2 
1 

SampUa. 

2 

4 
12 
3 
2 
0 
2 

SampUa. 
3 
3 

0 

5 
1 
0 
0 

1 

SampUa. 
0 
0 
0 
0 
0 
13 
5 
3 

SampUa. 
29 
6 
3 
2 
0 
0 
0 
0 

SampUa. 
0 
3 
2 
10 
1 
1 
1 
0 

20.000  to  50,000 

50,000  to  100,000 

100,000  to  500,000 

500,000  to  1,000,000 

1,000,000  to  10,000,000... 
10,000,000  to  50,000,000.. 
50,000,000  or  over 

Total  numbOT  of 
samples 

49 

23 

26 

13 

21 

39 

18 

RATE   OF  INCREASE   OF  THE   BACTERIA. 


In  a  similar  manner  the  various  milks  have  been  grouped  accord- 
ing to  their  bacterial  counts  after  holding  twenty-four  hours,  the 
result  of  which  is  shown  in  Table  18.  The  pasteurized  milk  from 
dairies  A  and  B  in  Boston  was  on  the  whole  much  lower  than  raw 
milk  from  dairy  G.  The  same  was  true  of  pasteurized  milk  examined 
during  the  summer.  The  pasteurized  milk  from  dairy  C  which  was 
bought  "loose"  in  stores  showed  a  high  count,  corresponding,  of 
course,  to  the  initial  high  counts.  In  New  York  the  pasteurized 
milk  was  strikingly  low  in  bacteria  even  after  twenty-four  hours 
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holding,  which  would  be  expected  from  the  low  initial  counts.  It  is 
evident  from  these  results  that  the  pasteurized  milk  in  both  cities 
was  of  a  very  good  quaUty.  Of  course  this  study  did  not  include 
all  the  pasteurizing  plants  of  the  two  cities,  but  it  represents  the 
three  largest  in  each  case. 

Table  18. — Comparison  of  rate  of  increase  of  bacteria  in  raw  and  pasteurized  mUk 
from  various  sources  after  holding  for  twenty -four  hours  at  10^  C.  {50^  F.). 


Class. 

Bacteria  per  c.  c. 

Boston,  winter. 

Boston,  summer. 

New  York,  winter. 

Pasteurised  milk. 

Raw  milk 

from 
dairy  G. 

Pasteur- 
ized milk 

from 
dairy  A. 

Raw  milk 

from 

stores  and 

dairies 

EandF. 

Pasteur- 
ized milk 
from 
dairies 
H,^and 

Raw  milk 

from 

dairies 

PandN 

and 
stores. 

From 

dairies 

AandB. 

From 
dairy  C. 

A 
B 

c 

D 
E 
F 
G 
H 

0to20iX)0 

Sampiea. 
0 
0 

Sampiea. 
0 
0 
0 
0 
0 
3 
5 
8 

Sampiea. 
0 
0 
0 
1 
0 
8 
7 
6 

Sampiea. 
0 
0 
0 
1 
0 
2 
7 
1 

Sampiea. 
0 
0 
0 
0 
0 
0 
1 
16 

Sampiea. 
3 
3 

4 
4 
1 
2 
0 
0 

Sampiea. 
0 
0 
0 
2 
2 
4 
0 
1 

20i)00  to  50,000 

50,000  to  100,000 

100,000  to  500i)00 

500,000  to  1,000,000 

l/)00,000  to  10,000,000... 
10,000,000  to  60,000,000.. 
50,000,000  or  over 

Total  number  of 
samples 

22 

16 

22 

11 

17 

17 

9 

The  question  of  bacterial  increase  in  pasteurized  and  raw  milk 
is  one  which  causes  much  discussion.  The  best  authorities  on  the 
subject  differ  in  their  views,  and  any  data  that  will  tend  to  settle 
the  question  must  necessarily  be  of  value.  The  bacterial  increase 
during  the  first  twenty-four  hours  in  a  number  of  samples  from  the 
various  sources  used  in  this  investigation  has  therefore  been  tabu- 
lated, the  milk  being  held  at  10°  C.  (50°  F.).  The  details  are  given 
in  Table  19,  as  follows: 

Table  19. — Ratio  of  increase  of  bacteria  in  pasteurized  and  raw  milk  after  holding  for 

twenty-four  hours  at  W  C.  (50°  F.). 

BOSTON,  WINTER  190fr-»~PASTEURIZED  ICILK  FROM  DAIRIES  A  AND  B. 


Sam- 
ple Na 

Bacteria  per  c.  c. 

Ratios. 

Sam- 
ple No. 

Bacteria  per  c.  c. 

Ratios. 

Odays. 

Iday. 

Oda}^. 

• 

Iday. 

1 
2 
3 
4 

6 
6 
7 
8 
0 

36,400 
40,700 
206,000 
117,000 
220,000 
629,000 
214,000 
204,000 
116,000 

142,000 

260,000 
2,100,000 

280,000 
7,800,UUO 
7,820,000 
3,500,000 

050,000 
18,700,000 

1:3.9 
1:6.3 
1:10. 2 
1:2.3 
1:33.9 
1:14.5 
1:16.3 

1*A  A 

10 
11 
12 
13 
14 
15 
16 

1 
1 

45,300 
48,700 
34,000 
175,000 
56.200 
9,000 
35,000 

790,000 
430,000 
1,970,000 
1,140,000 
1,400,000 
2,400,000 
2,400,000 

1:17.4 
1:8.8 

1-.57.9 
1:6.5 

1:25.6 
1:266.6 

1:68.5 

1:161. 2   1             Averacre  ratio 

1:44.03 
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Table  l9.^RaHo  of  incretue  of  hacieria  injxuteurized  <md  raw  milk  after  holding  for 

twenty-four  hours  at  10"*  C.  {50''  /•.)— Continued. 

BOSTON,  WINTER  1908-«-PAST£URIZ£D  MILK  FROM  DAIRY  a 


Sam- 
ple No. 

Bacterid  per  c.  c. 

Ratios. 

Sam- 
ple No. 

Bacteria  per  c.  a 

Ratios. 

Odays. 

Iday. 

Odays.         Iday. 

1 
2 
3 
4 
6 
6 

3,300,000 
6,800,000 
1,100,000 
1,450,000 
7,000,000 
1,750,000 

10,600,000 
190,4)00.000 

27.200.000 
231,000,000 

26,200,000 
8,800.000 

1:3.2 

1J0.7 

1:24.7 

1:159.3 

ia.7 

1:5.0 

7 

S 

10 

'  2,640,000 
4,000,000 
1,140,000 
1,410,000 

10,500,000 

32,000,000 

6,000,000 

11,200,000 

1:3.9 
1:8.0 
1:5.2 
1:7.9 

AvwsM  rmtio 

ldB.1 

BOSTON.  WINTER  1908-»-RAW  MILK  FROM  DAIRY  O. 


1 

2 
3 

4 
5 
6 

71,000 

24,000 

261,000 

400,000 

39,000 

120,000 

118,000 
2,100.000 
3,500,000 
8,000.000 
3.900.000 
1,800,000 

1:1.4 
1:87.5 
1:13. 4 
1:1&6 

i:ioao 

1:16.3 

7 
8 
0 

130,000      2,000,000 
310,000  1  25,200,000 
128,000  1  18,000,000 

1:15.3 

1:81.2 

1:14a  0 

A 

Lverace  ratio 

1:52.4 

BOSTON.  SUMMER  1909-PASTEURIZED  MILK  FROM  DAIRY  A. 


1 

2 
3 

4 

450,000 

97,000 

7AA  nnn 

2.740,000 

56,200.000 
AA  nnn  nnn 

1 

1:6.1  ' 
1:579.3 
1;56.1 
1:100.0  , 

1 

5 

6 

1 
95,000     22,300,000 
286,000  ;  90,000,000 

1:233.7 
1:314.6 

27,000      2.700.000 

A 

L  verage  ratio 

1:214.9 

BOSTON,  SUMMER  1909-RAW  MILK  FROM  DAIRIES  E  AND  F  AND  STORES. 


1 

2 
3 
4 

5 
6 
7 
8 

2,570,000 

13,900.000 

5,000.000 

9,700.000 

28,200.000 
AH  ifm  nm 

95,000,000 

85.000.000 

238.000.000 

164.000.000 

505.000.000 
<inn  iwn  nnn 

1 

1:36.9    1 
l.>6.11 

1:47.6    , 

1:16.9 

1:17.9 
1:4.64 

1:12.03 

1:10.8 

9 
10 
11 
12 
13 

4,500.000     79,000,000 
1,900,000  1  18,500.000 
3,400.000     80,000.000 
5,700.000  200,000,000 
11,200,000   177,000,000 

1:17.6 
1:9.73 
1.-23.5 
1:35.0 
1:15.8 

8,800,000    lOfi.OOO.QQO 

A 

Lverace  ratio 

1:19.5 

11,400,000 

124,000,000 

NEW  YORK,  WINTER  1909-PASTEURIZED  MILK  FROM  DAIRY  H. 


1 
2 
3 
4 

6 
6 

7 
8 


11.200 
10.000 
29,800 
18.000 
5,900 
14.000 
26.000 
31,500 


42.000 
50.000 
59.000 
40.000 
14.000 
87,000 
1,170.000 
08,000 


ia.7 

1:5.0 
1:1.9 
1:2.2 
1:2.3 
1:6.2 
1:45.0 
1:2.1 


9 
10 
11 
12 
13 


34,000 
16.500 
25,400 
13,400 
6,700 


120.000 

1,610.000 

12,400,000 

950,000 

16,000 


Average  ratio. 


1:3.5 

1.-97.5 

1:448.1 

1.70.8 

1:2.3 


1:53.1 


WASHINGTON,  WINTER  1910-RAW  MILK  FROM  DAIRY  T. 


1 
2 
3 
4 

5 
6 
7 
8 


85,000 
43.400 
30,000 
149.000 
12G,000 
125.000 
523.000 
627,000 


30.800.000 

660.000 

400.000 

2(K).000 

17.900.000 

9.  .500. 000 

8.900.000 

21,000,000 


1:362.3 
1:15. 2 
1:13.3 
1:1.74 

1:142. 0 
1:76. 0 
1:17.0 
1:33.2 


1 


9  172.000 

10  464,000 

11  243.000 

12  146.000 

13  ;  3(i.000 

14  j  78.000 

Average  ratio. 


7,000.000 
1,100.000 
3,810.000 
1,030.000 
3,700.000 
3,210.000 


1:40.6 
1:2.3 
1:15.6 
1:48.1 
1:102.7 
1:41. 1 


1:65.07 
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Taking  first  the  Boston  winter  milk,  the  table  shows  the  average 
ratio  of  bacterial  increase  in  the  series  of  pasteurized  milk  from 
dairies  A  and  B  to  be  1  to  44.03;  in  raw  milk  from  dairy  G  it  is  1  to 
52.40,  and  in  pasteurized  milk  from  dairy  C  it  is  1  to  25.1.  From 
these  figures  little  difference  is  evident  in  the  ratio  of  bacterial  increase 
in  pasteurized  milk  from  dairies  A  and  B  and  raw  milk  from  dairy  G. 
On  the  other  hand,  in  pasteurized  milk  from  dairy  C  the  rate  of 
increase  was  much  lower.  The  question  may  be  asked.  Why  not 
the  same  rate  of  increase  in  both  series  of  pasteurized  milk?  The 
difference  is  easily  explained  if  the  first  two  sections  of  the  table  are 
compared.  In  the  pasteurized  milk  from  dairies  A  and  B  the  initial 
counts  of  the  samples  were  low  as  compared  to  those  of  dairy  C. 
The  ratio  of  increase  in  the  first  case  was  obtained  during  the  rapid 
development  of  the  bacterial  numbers,  while  in  the  milk  from  dairy 
C  the  bacterial  content  was  originally  high,  so  that  the  period  of 
active  growth  had  passed  and  the  initial  counts  were  much  nearer 
their  ultimate  point  of  increase.  Rogers  ^'  has  also  suggested  the 
fact  that  the  period  of  rapid  bacterial  increase  must  be  taken  into 
consideration. 

This  point  is  shown  more  clearly  in  the  fourth  and  fifth  sections  of 
the  table,  dealing  with  the  Boston  summer  milk.  It  is  here  seen 
that  in  the  pasteurized  milk  the  average  ratio  is  1  to  214.9  as  compared 
with  1  to  19.5  in  the  raw  milk.  Here  again  there  were  low  initial 
numbers  in  the  pasteurized  milk  and  high  ones  in  the  raw  milk.  In 
this  case  it  is  true  that  the  bacteria  in  the  heated  milk  did  increase 
faster  than  those  in  the  raw  milk,  but  it  would  not  be  correct  to  assume 
from  these  figures  that  bacteria  increase  faster  in  pasteurized  milk 
in  general.  But  suppose  that  the  initial  counts  of  the  raw  milk 
had  been  as  low  as  the  counts  in  the  pasteurized  milk,  then  the  condi- 
tion in  both  would  be  comparable,  because  in  each  case  the  ratios 
during  the  first  twenty-four  hours  would  cover  the  period  of  active 
increase.  If  under  such  conditions  the  same  ratio  of  increase  held 
as  shown  in  the  table,  then  it  would  be  more  reasonable  to  state  that 
bacteria  increase  more  rapidly  in  pasteurized  than  in  raw  milk. 

This  is  well  illustrated  in  the  last  two  sections  of  the  table.  Here 
are  shown  the  counts  of  the  pasteurized  milk  from  dairy  H  in  New 
York  and  of  the  clean  raw  milk  from  dairy  T  in  Washington.  In 
both  cases  the  initial  counts  were  low  and  the  ratios  of  bacterial 
increase  were  approximately  the  same.  In  both  cases  one  or  two 
twenty-four-hour  high  counts  increased  the  average  ratio,  but  on 
examination  of  the  individual  ratios  it  may  be  seen  that  in  general 
the  bacteria  grew  faster  in  the  raw  milk. 

54636^— Bull.  126—10 4 
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INACCURACY  OF  RATIOS  OF  INCREASE   WHEN   INITIAL  COUNTS  VARY  TOO   WIDELY. 

In  order  to  show  how  misleading  ratios  may  be,  and  how  it  is 
impossible  to  compare  ratios  of  increase  in  samples  of  milk  in  which 
the  initial  counts  vary  widely,  four  kinds  of  milk  have  been  chosen 
and  their  daily  ratios  of  increase  compared,  as  shown  in  Table  20 
below  and  in  figure  16.  The  four  milks  used  consisted  of  the  two 
pasteurized  kinds — one  by  the  "holder^'  and  one  by  the  "flash'* 


AV£ffA6£ 

BACTERM 

P£RC.C 


3  21,400 

£  jse,ooo 

4  %SOS,OOQ 


43,000  2,o3%ooo  /^.'^To^ooo    26^20(^000  /oo,2saooa 

SS8,000  S,3/Z000  72,600^000 

e,aoo,ooo  S4,soq,ooo  236,000^000  3S2jooo^ooo  sszooc^ooo 

9/,/40,000  448,000,000  660,000^000 


Fig.  16.— Comparison  of  the  ratio  of  Increase  of  bact«rla  In  pasteurized  and  raw  milk  held  for  five  days  at  10** 
C.  (50'  F.)*  Average  daily  counts  of  bacteria  and  ratios  of  increase.  / ,  pasteurized  milk,  "  holder"  proc- 
ess; f,  clean  raw  milk;  j(,  pasteurized  milk,  "flash"  process;  4r  dirty  raw  milk. 

process — a  clean  raw  milk  and  a  dirty  raw  milk.  The  ratios  in  the 
table  represent  the  increase  on  each  successive  day  and  not  from  the 
first  to  second,  first  to  tliird,  etc.  Curve  1  in  figure  16  represents  the 
milk  pasteurized  by  the  '^holder'*  process,  curve  2  the  clean  raw 
milk,  curve  3  the  milk  pasteurized  by  tlie  *' flash '^  process,  and 
curve  4  the  dirty  raw  milk.  In  all  cases  the  milk  was  held  at  10® 
C.  (50°  F.).    The  curves  have  been  plotted  by  using  the  actual  ratios^ 
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the  first  point  on  the  curve  being  the  ratio  of  increase  from  the  first 
to  the  second  day;  the  second  point  was  determined  by  adding  the 
ratio  of  increase  from  the  second  to  the  third  day  to  the  ratio  of 
increase  from  the  first  to  the  second  day,  and  so  on. 

It  may  be  seen  from  curve  1 — "holder''  process,  pasteurized 
milk — that  the  ratio  of  increase  was  small  during  the  first  twenty- 
four  hours,  after  which  there  was  a  rapid  increase,  then  a  small  daily 
increase  from  that  time  on.  The  average  bacterial  counts  in  Table 
20  show  that  this  rapid  increase  on  the  second  day  took  place  when 
the  bacterial  count  was  low,  43,000  to  2,033,000,  after  which  the 
increase  was  again  slow.  The  same  thing  is  shown  in  curve  2  with 
clean  raw  milk,  except  that  the  slow  increase  on  the  first  day  does 
not  occur.  In  this  case  the  rapid  increase  from  186,000  to  8,200,000 
took  place  during  the  first  twenty-four  hours,  then  the  increase  was 
slow  again.  The  *' flash"  process  pasteurized  milk  as  shown  in 
curve  3  represents  the  same  conditions.  In  curve  4,  however,  the 
ratios  of  increase  rise  slowly,  no  very  sudden  rise  being  seen  in  the 
curve.  In  this  case  the  average  initial  count  was  9,505,000,  so  that 
the  period  of  rapid  bacterial  increase  had  passed  and  only  a  gradual, 
slow  increase  took  place. 

Table  20. — Daily  ratio  of  increase  of  bacteria  in  varums  hinds  of  raw  and  pasteurized 

milk. 

[The  ratio  is  calculated  In  each  caae  in  comparison  with  the  count  of  the  preceding  day.] 


Days. 

Pasteurized  milk, 
"holder"  process. 

Clean  raw  milk. 

Dirty  raw  milk. 

1 

Pasteurised  milk,     i 
"flash'' process. 

Average 

bacterial 

count  of  U 

samples. 

Ratio  of 
increase. 

Average 

bacter  ai 

coimt  of  14 

samples. 

Ratio  of 
increase. 

Average 
bacterial 
count  of  9 
samples. 

Ratio  of 
Increase. 

Average 

bacterial 

count  of  11 

samples. 

Ratio  of 
Increase. 

0 

1 
2 

\ 

6 

6 

16,100 

186. GOC 

9,505,000 

21,400 

43,000 

2,033,000 

12,470,000 

28,200,000 

100,250,000 

310,000,000 

Ito   2.7 
1  to  47. 3 
Ito   6.1 
1  to  2.3 

8,200.000 

54,500,000 

236,000,000 

^R2.non.noo 

Ito  44.: 
Ito  6.6 
Ito   4.3 
Ito    1.5 
Ito   1.6 

91,140,000 
448,000.000 
680,800,000 

Ito  9. 6 
Ito  4.9 
Ito  1.5 

558,000 

5,317,000 

72,600,000 

1  to  26.1 
Ito  9.5 
Ito  13. 7 

1  to    3.6       &57.'000!000 

Ito    3.1 

r 

1 

. 

1                           1 

It  can  easily  be  seen  how  misleading  ratios  of  increase  as  between 
pasteurized  and  raw  milk  may  appear.  When  a  comparison  is  made 
of  curves  1  and  4  in  figure  16,  it  would  seem  that  the  bacteria  increased 
much  more  rapidly  in  the  pasteurized  than  in  the  raw  milk.  But  in 
this  case  the  comparison  would  be  fairer  if  curve  1  was  considered 
from  the  point  marked  A,  on  the  second  day.  At  this  point  it  may 
be  seen  that  the  bacterial  count  of  the  pasteurized  milk  was  2,033,000, 
while  the  raw  milk  as  shown  in  curve  4  initially  contained  9,505,000 
per  cubic  centimeter.  Curve  1  from  the  point  A  is  about  the  same 
as  curve  4  from  the  '^0"  point.  In  other  words,  the  ratios  of  increase 
were  about  the  same  when  compared  from  the  periods  at  which  the  r 
bacterial  numbers  were  more  nearly  equal. 
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On  the  other  hand,  when  raw  milk  had  a  low  initial  count,  as  was 
the  case  with  curve  2,  then  curves  1  and  2  represent  the  conditions 
more  fairly,  and  the  conclusion  would  follow  that  bacteria  increase, 
approximately,  the  same  in  pasteurized  as  in  raw  milk. 

It  is  evident  that  if  the  initial  counts  are  disregarded  when  com- 
paring the  ratios  of  pasteurized  and  raw  milk  in  figure  16,  any  one 
of  three  contradictory  conclusions  can  be  arrived  at.  First,  curves 
1  and  4  would  show  that  bacteria  increased  much  faster  in  pasteurized 
than  in  raw  milk.  Second,  curves  2  and  3  would  show  that  bacteria 
increased  faster  in  the  raw  milk  than  in  the  pasteurized.  Third, 
curves  1  and  2  would  show  that  the  bacteria  increased  approximately 
the  same  in  both  milks. 

The  data  in  figure  16  were  not  intended  to  show  in  which  milk  the 
bacteria  do  actually  reproduce  the  fastest;  it  was  the  purpose  merely 
to  indicate  how  little  value  can  be  placed  upon  ratios  alone.  The 
results  tend  to  prove  that  bacteria  do  increase  approximately  the 
same  in  pasteurized  as  in  raw  milk,  provided  their  initial  counts  are 
practically  alike.  However,  this  point  can  only  be  definitely  deter- 
mined by  a  large  number  of  experiments  with  pasteurized  and  raw 
milks  in  which  the  initial  total  count  and  group  percentages  are 
approximately  the  same. 

LACTIC-ACID  BACTERIA  OF  HIGH  THERMAL  DEATH  POINT. 

The  pasteurized  milk  used  in  these  experiments  turned  sour  in 
every  case,  although  the  souring  was  delayed.  This  fact  naturally 
suggests  the  question  as  to  how  lactic-acid  bacteria  survive  pasteuri- 
zation, or  how  they  gain  entrance  to  the  milk  after  the  process. 

It  is  a  generally  accepted  idea  that  pasteurization  destroys  the 
lactic-acid  bacteria.  Farrington  and  Russell^  state  that  numerous 
experiments  show  the  thermal  death  point  of  the  lactic-acid  bacteria 
to  be  in  the  neighborhood  of  57.2°  to  60°  C.  (135°  to  140°  F.)  where 
the  exposure  was  for  ten  minutes.  It  is  not  necessary  to  review 
here  the  numerous  references  to  experiments  showing  the  low  resist- 
ance of  the  lactic-acid  bacteria  to  heat,  but  it  may  be  stated  that  the 
temperatures  used  in  commercial  pasteurization  are  always  higher 
than  the  generally  accepted  thermal  death  point.  On  the  other  hand, 
here  and  there  in  the  literature  are  references  which  indicate  that 
there  may  be  resistant  strains  of  lactic-acid  bacteria.  Rogers"  found 
that  in  milk  pasteurized  at  85°  C.  (185°  F.)  by  the  "flash"  process 
and  held  at  20°  C.  (68°  F.)  lactic-acid  bacteria  occasionally  survived 
which,  after  twenty-four  hours,  completely  inhibited  the  peptonizing 
bacteria. 

Marshall  **  states : 

It  is  lai^gely  supposed  that  in  pasteurized  milk  the  lactic-acid  bacteria  are  killed. 
This  is  largely  true  but  not  universally.  Sometimes  the  milk  is  curdled  by  acid 
formation  without  any  digestion  as  in  the  usual  lactic-acid  fermentation. 
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Wolffs  found  living  Guntheri  organisms  in  milk  pasteurized  at 
70®  C.  (158®  E-)  for  one-half  hour,  but  this  occurred  only  when  at 
the  time  of  heating  there  had  been  a  definite  amount  of  acid  forma- 
tion, which  he  beUeved  caused  a  coagulation  in  the  form  of  a  protect- 
ing envelope  about  the  organisms,  so  that  they  were  not  only  able  to 
resist  the  pasteurizing  temperature  themselves,  but  could  carry  other 
organisms  through  with  them. 

Several  other  nonspore-forming  organisms  besides  lactic-acid  bac- 
teria have  been  mentioned  as  resisting  high  temperatures. 

Russell  and  Hastings^*'  describe  an  organism  capable  of  standing 
76®  C.  (168.8®  F.)  for  ten  minutes.  De  Jong  and  de  Graff,*^  working 
on  various  strains  of  Bacillus  coli  found  some  forms  which  required 
thirty  minutes  heating  at  70®  to  72®  C.  (158®  to  161.6®  F.)  to  destroy. 
Zelenski^®  also  found  some  strains  of  B,  coli,  which  resisted  high  tem- 
peratures, and  showed  that  higher  temperatures  were  required  to 
kill  the  organism  in  milk  than  in  broth.  He  suggested  that  the 
proteids  or,  perhaps,  the  presence  of  fat  in  milk  formed  a  protecting 
envelope  for  the  bacteria. 

EXPERIMENTS   TO   DETERMINE   THERMAL   DEATH   POINT. 


In  order  to  determine  if  the  lactic-acid  bacteria  in  milk  are  capa- 
ble of  resisting  high  temperatures,  a  number  of  experiments  were 
made  by  heating  milk  in  Sternberg  bulbs.  The  results  of  some  of 
these  experiments  are  tabulated  in  Table  21  below: 

Table  21. — The  thermal  death  point  of  lactic-acid  bacteria — Results  of  heating  milk  at 

various  temperatures  in  Sternberg  bulbs  for  thirty  minutes. 

[+— Positive  result,  Indicated  by  typical  solid  curd.) 


Temperature. 


eo'C.  (140"F.).. 
62.8»  C.  (145*  F.) 
65,6*  C.  (IW  F 
68.3*  C.  (155*  F 
71,1*  C.  (IW  F 


73.9*  C.  (165"  F.). 
76.7*  C.  (170' F.). 


Experi- 
ment I, 
whole 
milk. 


+ 
+ 
+ 

+ 


+ 
+ 
+  gas. 


Experiment  II. 


Whole 
milk. 


+  + 

+  + 

+  + 

+  + 


Skim 
milk. 


+  + 

+  + 

+  + 

+  + 


Experiment 

III,  whole 

milk. 


Partly  di- 
gested 
acid  curd. 

Partly  dl- 
g  e  s  t  e  d 
slightlv 
acidcurd. 


Experiment 

IV,  whole 

milk. 


+  +  +  +    ;  +  + 


+  +  +  + 


+  +  +  +o 
Acid,  coag- 
ulated, 
slightly 
p  e  p  t  o  n- 
Ued.6 

+  +  +  + 
DecolorlJMKi 
curd  .three- 
fourths 
e  p  t  o  n- 
c 


a  The  milk  cultures  on  plating  showed  a  large  number  of  lactic-acid  bacteria. 
b  The  milk  cultures  on  plating  showed  numerous  lactic-acid  bacteria. 
cThe  milk  cultures  on  plating  showed  no  lactic>acid  bacteria. 
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After  heating  the  milk  in  the  bulb  it  was  introduced  into  tubes  of 
sterile  litmus  milk.  If  the  milk  tubes  showed  typical  solid  curd 
decolorized  except  for  the  top  acid  ring,  then  the  result  was  regarded 
as  positive  and  is  indicated  in  the  table  by  the  plus  sign.  As  the 
table  shows,  all  the  milk  tubes  gave  positive  reactions  when  the  bulbs 
were  heated  for  thirty  minutes  at  71.1*^  C.  (160°  F.)  and  below,  both 
in  whole  and  skim  milk.  At  73.9°  C.  (165°  F.)  some  of  the  tubes 
showed  signs  of  peptonization.  The  milk  in  bulbs  heated  at  76.7°  C. 
(170°  F.)  upon  incubation  in  milk  did  not  give  the  normal  acid  curd 
but  either  a  slight  acid  or  rennet  curd  with  considerable  digestion. 
A  number  of  milk  tubes  inoculated  from  milk  in  bulbs  heated  to 
71.1°  C.  (160°  F.)  were  plated  and  showed  the  presence  of  a  large 
number  of  colonies  typical  of  the  lactic-acid  bacteria  when  plated 
on  plus  1.5  litmus  lactose  agar  and  incubated  at  37°  C.  (98.6°  F.). 
Those  heated  to  73.9°  C.  (165°  F.)  showed  numerous  lactic-acid 
bacteria,  while  plates  from  milk  inoculated  from  bulbs  heated  to 
76.7°  C.  (170°  F.)  showed  no  lactic-acid  colonies. 

The  results  of  these  experiments  correspond  to  those  of  numerous 
others  in  which  milk  was  heated  in  cans  and  held  at  the  same  tem- 
peratures. It  was  observed  in  most  cases  that  milk  heated  for  thirty 
minutes  at  71.1°  C.  (160°  F.)  and  below  gave  a  normal  acid  curd, 
while  that  heated  at  higher  temperatures  showed  slight  acid  or  even 
rennet  curds  with  considerable  digestion. 

Besides  heating  the  milk  in  bulbs  for  thirty  minutes  some  was  also 
heated  for  two  minutes,  which  may  serve  to  approximate  the  '^ flash" 
process.  These  results  are  shown  in  Table  22.  It  may  be  seen  that 
with  a  short  heating  the  lactic-acid  bacteria  may  resist  higher  tem- 
peratures than  when  heated  for  thirty  minutes. 

Table  22. —  The  thermal  death  point  of  lactic-acid  bacteria — Reatilts  of  heating  milk  at 

varioiis  temperatures  in  Sternberg  bulbs  for  two  minutes. 


1+ 

-  Positive  result,  Indicated  by  typical  solid  curd.] 

TS.O'  C.  (165«  F.). 

76.7"  C.  (170"  F.). 

79.4*»  C.  (175'  F.). 

82.2«'  C.  (180*  F.). 

Acid,  coagulated, 
slight  whey. 

+  +  +  +  + 

Same  as  165**  F. 

+  +  +  +  + 

a  Acid,    coagulated, 
partlv  peptonized. 

+  +  +  +  + 

b  Partly  peptonized, 
slightly  acid. 

+  +  -f  +  + 

a  On  plating  out  the  coagulated  milks,  seven  cultures  picked  off  out  of  a  total  of  ten  gave  the  typical 
reaction  of  lactic-acid  bacteria  in  milk. 

t>  Seven  cultures  picked  off  plates  made  from  the  milk  cultures  turned  milk  acid,  but  did  not  coagulate  it 
after  seventy-two  hours. 

It  must  be  noted  that  the  milks  used  in  these  experiments  con- 
tained large  numbers  of  lactic-acid  bacteria,  the  counts  generally 
being  high,  due  to  hot  weather. 

From  the  heating  experiments  approximately  45  cultures  of  lactic- 
acid  bacteria  were  isolated,  all  of  wliich  proved  upon  cultural  tests 
to  be  typical  of  the  streptococcus  lacticus  type  of  lactic-acid  organism. 
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Numerous  thermal  death-point  determinations  showed  that  the 
death  point  of  many  of  the  lactic-acid  organisms  varied ;  the  limit  of 
resistance  of  some  was  between  65.6°  C.  (150°  F.)  and  71.1°  C. 
(160°  F.),  while  others  stood  thirty  minutes  heating  in  bulbs  at  tem- 
peratures above  71.1°  C.  (160°  F.).  One  culture  (will  be  called 
culture  A)  was  selected  as  one  of  the  organisms  resisting  the  highest 
temperatiu*es.  It  is  typical  of  the  streptococcus  lacticus  type  in  its 
cultural  characteristics.  Determinations  of  its  thermal  death  point 
in  milk  were  made  every  2°  F.  upward  from  58.9°  C.  (138°  F.).  In 
all  cases  the  heating  was  carried  on  in  Sternberg  bulbs  for  thirty 
minutes.  The  death  point  was  set  at  the  first  temperature  above 
the  temperature  at  which  both  control  tubes  showed  growth  within 
seventv-two  hours. 

Determinations  made  in  milk,  two  sets  in  September,  two  in  Novem- 
ber, and  two  in  December,  showed  the  thermal  death  point  to  be  75.6° 
C.  (168°  F.).  The  interval  between  the  determinations  shows  that 
the  high  resistance  is  a  permanent  character  and  not  a  temporary 
freak  of  the  organism.  The  thermal  death  point  of  culture  A  in  broth 
was  74.4°  C.  (166°  F.),  using  the  same  period  of  heating.  Experiments 
were  tried,  using  18  per  cent  and  20  per  cent  cream,  but  no  increase 
in  the  thermal  death  point  was  observed.  The  thermal  death  point 
with  a  ten-minute  exposure  was  found  to  be  77.8°  C.  (172°  F.). 

The  effect  of  temperature  on  the  bacterial  numbers  of  culture  A  is 
shown  in  Table  23. 

Table  23. —  The  thermal  death  point  of  lactic-odd  bacteria — Effect  of  heating  on  the  nurrv- 
hen  of  lactic  organisms  in  culture  A — Milk  heated  in  small  fCashs  submerged  to  the 
nech  m  water  bottle  for  thirty  minutes — Temperature  readings  taken  directly  in  the  milk. 


Tempenture. 

Bacteria  per 

c.  c.  before 

heating. 

Bacteriaper 

c«  c.  after  neat- 

Ing  for  30 

xnmutes. 

Reduction. 

(»•  C.(140'  F.).. 
66.6*C.(150T.).. 
71.1*  C.  (160*  F.).. 

r      58,000.000 
64,500,000 

63,000,000 
51,000,000 

Percent. 

1    " 

0 

.  061,250,000 

57,250,000 

41,000,000 

41,700,000 

r    244,000,000 
315,000,000 

133,000,000 
138,000,000 

53.07 

.0  284,500,000 

135,600,000 

o  Average. 

Thirty  minutes  heating  at  60°  C.  (140°  F.)  or  65.6°  C.  (150°  F.) 
had  no  reducing  effect,  while  at  71.1°C.  (160°  F.)  the  percentage  reduc- 
tion was  only  53.07  per  cent. 

Even  the  "majority"  thermal  death  point  of  culture  A  as  sug- 
gested by  Gage  and  Stoughton  *  would  be  very  high  as  compared  with 
the  ordinary  nonspore-forming  bacteria.  It  is  evident  that  these 
high-temperature-resisting  organisms  are  different  strains  of  the 
common  lactic-acid  bacteria  and  that  they  play  an  important  part  in 
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pasteurized  milk.  These  organisms,  together  with  other  species  of 
nonspore-forming  bacteria  of  high  thermal  death  point  which  we 
have  isolated,  will  be  the  subject  of  further  investigation. 

In  connection  with  the  determination  of  the  thermal  death  point 
of  bacteria  it  should  be  mentioned  that  it  is  necessary  to  keep  the 
acidity  of  the  media  down  as  low  as  possible  at  the  time  of  heating 
when  the  organism  is  grown  in  milk  or  broth.  It  was  found  that  the 
thermal  death  point  of  culture  A  was  lowered  a  number  of  degrees 
by  using  a  culture  of  sugar  broth  of  such  an  age  that  the  acidity  was 
high.  In  some  unpublished  work  by  Davis  of  this  laboratory  it  was 
found  that  as  the  acidity  increased  the  thermal  death  point  decreased. 

PER  CENT  OF  LACTIC-ACID  BACTERIA  CAPABLE  OF  WITHSTANDING  HIGH 

TEMPERATI.TIES. 

A  number  of  experiments  have  been  made  to  determine  the  approxi- 
mate percentage  of  lactic-acid  bacteria  which  were  capable  of  stand- 
ing high  temperatures.  Raw  milk  was  heated  in  flasks  in  the  lab- 
oratory for  thirty  minutes  at  60*"  C.  (140^  F.)  and  65.6°  C.  (150°  F.) 
and  then  plated  on  litmus  lactose  agar  reaction  plus  1.5  and  incubated 
at  37°  C.  (98.6°  F.)  for  forty-eight  hours.  The  results  are  shown  in 
Table  24. 


Table  24. — Showing  percentage  of  lactic-acid  bacteria  of  high  thermal  death  point  in  milk. 


9 

10 
11 
12 


No. 

Kind  of  milk. 

1 

Raw 

2 

do 

3 

do 

4 

do 

5 

Pasteurized . 

6 

Raw 

7 

do 

8 

do 

Pasteurized  in 

laboratory  in 

flasks  for  30 

minutes  at— 


.do. 
.do. 
.do. 
.do. 


C.  (140°  F.).. 
"C.(150*F.). 


i(i()°"< 
165.6 

]fi6*"c!( 

(tis-e'c. 

I 


(140'  F.).. 
(150°  F.). 


60°  C.  (140°  F.).. 
65.6°  C.  (150°  F.). 


(50°  C.  (140°  F.).. 
(>5.6°C.(150°F.). 


tJO°C.  (140°  F.).. 
65.6°  C.  (150°  F.). 


»»°C.(140°  F.).. 
65.6° C.  (150°  F.). 


60°  C.  (140°  F.).. 
r»5.6°C.(lS0°F.). 


60°  C.  (140°  F.).. 
65.6°  C.  (150°  F.). 


r)0°C.  (140°  F.).. 
(»5.6°C.(150°F.). 


<60°C.  (140°  F.).. 
1 65.6°  C.  (1.50°  F.). 


160°  C.  (140°  F.).. 
l65.6°C.(150°F.). 


Total  bac- 
teria per 
c.  c. 


146.000 
1.080 

620,000 
470 
280 

4,520,000 

66,000 

3,300 

122,000 

9,000 

420 

335,000 

23,8(K) 

9,200 

720,000 

2.100 

70 

31,500 

5,270 

5.120 

490,000 

50,600 

1,700 

90,  OCX) 

6,700 

4,700 

24,900 

3,020 

1,710 

102,000.000 

2.050 

490 

1,560.000 

460 

110 


Acid  bac- 
teria per 
c.  c. 


20,000 

480 

100,000 

70 

40 

3,930.000 

12,000 

1,400 

48.000 

4,900 

40 

136,000 

8,700 

0 

215,000 

900 

10 

6.400 

1,210 

165,000 

1,270 

280 

8,  tXI) 

'2,V) 

250 

4,(KX) 

600 

10 

65, 000,  (XX) 

1,580 

440 

740.000 

.'^20 

80 


Percent- 
age of 

acid  col- 
onies. 


13.6 
44.4 

16.1 
14.8 
14.2 

86.9 
18.1 
42.4 

39.3 

54.4 

9.5 

40.5 
36.5 

0 

29.8 
42.8 
14.28 
20.3 
22.9 

2. 
33. 

2. 
16. 

8. 

4.3 

5.3 
18.4 
21.85 
.58 
63.7 
77.0 
89.7 
47.4 
69. 5 
72.7 


5 
6 
50 
4 

8 


Percent- 
age of 

reduction 
of  acid 

colonies. 


97.0 


99.93 
9v.  96 


99.69 
<f9.  94 


89.79 
99.91 


93.60 
100.00 


99.  .58 
99.99 


81.09 
97.96 


99.23 
99.83 


9<1. 87 
96.87 


85.65 
99.78 


Remarks. 


fMilk  was  held  in 
refrigerator  for  24 
hours  before  heat- 
ing. 


P  a  s  t  e  u  rised  milk 
treated  same  as  raw 
mUk. 


99.999 
99.999 


Milk  held  3  days  at 
h    10°  r.  (50°  F.)  be- 
fore heating. 


99.95 
99.98 
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In  making  the  acid  count  only  those  colonies  were  included  which 
were  typical  of  the  lactic-acid  bacteria;  that  is  to  say,  small  acid 
colonies.  It  was  found,  however,  that  the  count  included  a  few 
colonies  that  were  not  true  lactic  forms,  but  were  cocci  which  mav 
belong  to  the  group  of  organisms  coming  from  the  udder  of  the  cow. 
This  point  is  to  be  the  object  of  further  study.  Sample  5  was  a 
pasteurized  milk,  but  even  in  that  case  after  heating  again  at  60°  C. 
(140°  F.)  36.5  per  cent  of  the  total  bacteria  left  were  acid  formers. 
In  samples  11  and  12,  where  the  initial  count  was  very  high,  the  per 
cent  of  acid  colonies  after  heating  to  60°  C.  (140°  F.)  and  65.6°  C. 
(150°  F.)  was  69.5  and  72.7  per  cent,  respectively,  of  the  total 
bacteria.  Where  the  initial  count  was  lower  the  percentage  of  acid 
colonies  in  the  heated  milk  was  correspondingly  low.  The  percentage 
remaining  in  the  milks  varies  considerably,  as  may  be  seen  from  the 
table,  but  if  the  percentages  are  averaged  it  will  be  found  that  the 
acid  formers  constituted  34.4  per  cent  of  the  total  in  raw  milk;  in 
the  milk  heated  for  thirty  minutes  at  60°  C.  (140°  F.)  the  percentage 
was  32.8,  and  when  heated  at  65.6°  C.  (150°  F.)  it  was  28.4  per  cent 
of  the  total  bacteria. 

It  is  apparent  that  on  the  average  the  proportion  of  acid  bacteria 
does  not  change  very  much  when  milk  is  heated  at  the  temperatures 
used  in  these  experiments.  It  might  be  expected  in  view  of  these 
facts  that  the  pasteurized  milk  should  sour  as  normally  as  does  the 
raw  milk,  but  the  souring  was  delayed,  due  to  the  small  numbers  of 
the  acid  bacteria  of  high  thermal  death  point  and  to  their  relatively 
slow  growth. 

In  the  last  column  of  Table  24  are  shown  the  percentages  of  acid 
bacteria  destroyed  during  heating.  The  remainder  represents  the 
heat-resisting  forms.  At  60°  C.  (140°  F.)  the  range  in  the  various 
samples  is  from  0.001  to  18.91  per  cent,  and  the  average  number  of 
heat-resisting  lactic  organisms  is  4.8  per  cent.  At  65.6°  C.  (150°  F.) 
the  range  is  from  0.001  to  3.13  per  cent,  with  an  average  of  0.74  per 
cent.  These  figures  are  of  course  only  approximate,  but  serve  to 
show  that  about  4.8  per  cent  of  the  lactic-acid  bacteria  were  able  to 
stand  heating  to  60°  C.  (140°  F.),  while  approximately  0.74  per  cent 
were  not  destroyed  at  65.6°  C.  (150°  F.)  for  thirty  minutes. 

These  results  suggest  that  heat-resisting  strains  may  occur  in 
pathogenic  bacteria  as  they  do  among  the  lactic-acid  bacteria.  The 
thermal  death  points  of  pathogenic  bacteria  have  been  determined 
in  but  few  instances,  as  has  been  the  case  with  the  lactic-acid  forms. 
That  of  the  typhoid  bacillus  might,  for  example,  be  determined  if 
urine  from  a  number  of  typhoid  patients  were  heated  in  bulbs,  as 
was  for  the  milk  in  these  experiments.  It  might  thus  be  possible  to 
isolate  strains  of  the  typhoid  bacillus  having  a  high  thermal  death 
point.     However,  the  possibihty  of  such  strains  existing  does  not  in 
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any  way  detract  from  the  value  of  pasteurization  as  a  protection 
against  pathogenic  bacteria,  for  the  reason  that  only  a  very  few  path- 
ogenic organisms  are  ever  present  in  milk  and  the  possibility  of 
heat-resisting  strains  in  that  small  nimiber  is  inJBinitely  small,  because 
if  such  exist  they  form  only  a  minute  percentage  of  the  total.  This 
point  is  mentioned  merely  as  a  suggestion  for  those  interested  in  the 
study  of  pathogenic  bacteria. 

SUMMABY  ANB  CONCLUSIONS. 

The  results  in  this  paper  hold  only  for  commercially  pasteurized 
milk.  By  commercial  pasteurization  is  meant  milk  heated  from 
60*^  C.  (140°  F.)  to  65.6°  C.  (150°  F.)  in  the  ^ ^holder"  process,  or  up 
to  71.1°  C.  (160°  F.)  m  the  ''flash"  process.  At  the  present  time 
the  tendency  is  to  use  low  temperatures  with  the  ''holder"  process, 
and  in  commercial  work  it  is  doubtful  if  temperatures  will  ever  be 
used  imiversally  in  either  process  higher  than  those  above  mentioned. 
When  higher  temperatures  are  used  the  cream  line  is  liable  to  be 
destroyed,  a  cooked  taste  may  be  produced  which  injures  the  sale 
of  the  milk,  and  the  cost  of  pasteurization  is  increased  by  the  use  of 
more  steam.  It  is  not  reasonable,  therefore,  to  expect  the  use  of 
high  temperatures  in  commercial  pasteurization.  Arbitrary  Umits 
could  be  set,  as  60°  C.  (140°  F.)  to  62.8°  C.  (145°  F.)  and  even  perhaps 
to  65.6°  C.  (150°  F.)  for  the  "holder"  process  and  71.1°  C.  (160°  F.) 
to  73.9°  C.  (165°  F.)  for  the  "flash"  process,  at  which  temperatures 
milk  when  heated  under  commercial  conditions  may  be  expected 
eventually  to  sour,  and  the  bacterial  content  will  be  comparable  to 
the  average  group  curves  for  pasteurized  milk  as  shown  in  this  paper. 
If  higher  temperatures  are  used  a  degree  of  heat  may  be  reached 
which  will  result  in  the  destruction  of  all  but  spores,  which,  when 
allowed  to  develop,  will  undoubtedly  produce  peptonization  of  the 
milk.  Granting  that  60°  C.  (140°  F.)  for  twenty  minutes  is  sufficient 
to  destroy  pathogenic  organisms,  it  is  believed  it  would  nevertheless 
be  advisable  in  commercial  work  to  use  a  temperature  a  little  higher, 
as  62.8°  C.  (145°  F.)  and  for  tliirty  minutes.  That  temperature 
would  be  sufiiciently  high  to  afford  protection  against  pathogenic 
bacteria  and  yet  would  probably  leave  in  the  milk  the  maximum 
proportion  of  lactic-acid  bacteria,  and  the  group  proportions  would 
be  very  similar  to  those  of  all  grades  of  market  milk. 

CONCLUSIONS. 

1.  Commercially  pasteurized  milk  always  sours,  because  of  the 
development  of  lactic-acid  bacteria  which  on  account  of  their  high 
thermal  death  point  survive  pasteurization,  and  perhaps  In  some  cases 
because  of  subsequent  infection  with  acid-forming  bacteria  diuring 
cooling  and  bottling. 
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The  acid  development  in  an  efficiently  pasteurized  milk  is  about 
the  same  as  that  in  a  clean  raw  milk.  But  sometimes  a  strong,  old 
taste  develops  which  is  probably  due  to  the  development  of  alkali 
or  inert  bacteria.  The  old  taste,  however,  is  not  characteristic  of 
pasteurized  milk,  for  it  may  be  noticed  as  well  in  clean  raw  milk 
when  held  under  similar  conditions.  The  less  efficient  the  pasteuriz- 
ing process  the  more  closely  does  the  acid  increase  of  the  heated  milk 
approach  that  of  a  dirty  raw  milk. 

2.  The  relative  proportion  of  the  groups  of  peptonizing,  lactic  acid, 
and  alkali  or  inert  bacteria  is  approximately  the  same  in  efficiently 
pasteurized  milk  as  it  is  in  clean  raw  milk.  In  both  cases  the  alkali 
or  inert  forms  constitute  the  largest  group,*  the  lactic-acid  bacteria 
next,  while  the  peptonizers  are  in  the  minority.  When  both  of  these 
milks — the  efficiently  pasteurized  and  clean  raw  milk — are  held,  the 
group  relations  change;  but  if  the  changes  which  take  place  are 
compared  it  will  be  found  that  they  are  the  same  in  each.  At  the 
time  of  souring,  the  group  proportions  have  changed  so  that  the 
lactic-acid  bacteria  constitute  the  largest  group  with  the  alkali  or 
in^rt  forms  next  in  order  and  the  peptonizers  in  the  smallest  pro- 
portion as  initially.  In  both  of  these  milks  the  group  of  peptonizers 
may  increase  slightly  in  its  proportion  to  the  other  two  groups 
during  the  first  two  days,  but  it  then  gradually  decreases  and  always 
forms  the  smallest  group. 

When  milk  is  less  efficiently  pasteurized  the  position  of  the  groups 
may  be  reversed  so  that  the  lactic-acid  bacteria  constitute  the  largest 
group  with  the  alkali  or  inert  forms  next  in  order,  but  here  again  the 
peptonizers  form  the  smallest  proportion  of  the  total  bacteria.  This 
group  arrangement  is  the  same  in  a  dirty  raw  milk. 

The  more  efficient  the  pasteurization,  the  smaller  the  percentage  of 
lactic-acid  bacteria;  and,  similarly,  the  cleaner  the  raw  milk,  the 
smaller  the  percentage  of  lactic-acid  bacteria. 

3.  The  peptonizing  bacteria  are  present  in  smaller  numbers  in  the 
inferior  grades  of  commercially  pasteurized  milk  during  the  first 
twenty-four  hours  after  receiving  than  in  raw  milk  of  the  same 
quality,  and  the  peptonizers  may  increase  to  sUghtly  higher  num- 
bers in  the  pasteurized  milk  when  held  several  days  than  in  the  raw 
milk  of  high  initial  lactic-acid  bacteria  content;  but  it  should  be 
remembered  in  this  connection  that  milk  is  usually  consumed  within 
twenty-four  hours  after  deUvery.  The  number  of  peptonizers  in  a 
good  grade  of  commercial  pasteurized  milk  on  the  initial  count,  and 
on  succeeding  days  is  approximately  the  same  as  in  a  clean  raw  milk 
when  held  under  similar  temperature  conditions. 

4.  Lactic-acid  bacteria  of  high  thermal  death  point  are  found  in 
milk  and  may  be  easily  isolated  by  special  methods  of  procedure. 
From  these  experiments  it  was  found  that  when  milk  is  heated  for 
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thirty  minutes  at  60°  C.  (140°  F.)  and  plated,  the  percentage  of  acid- 
forming  organisms  that  resisted  the  heating  ranged  from  0.001,  to 
18.91,  the  average  being  4.8  per  cent  of  the  total  acid  colonies.  When 
heated  at  65.6°  C.  (150°  F.)  the  range  is  from  0.001  to  3.13  per  cent, 
the  average  being  0.74  per  cent  of  the  total  bacteria.  It  must  be  re- 
membered that  these  figures  are  based  upon  acid  colonies,  and  these 
are  not  necessarily  all  true  lactic-acid  bacteria. 

The  thermal  death  point  of  one  lactic-acid  organism  which  was 
isolated  from  milk  is  74.4°  C.  (166°  F.)  in  broth  and  75.6°  C.  (168°  F.) 
in  milk  when  heated  in  Sternberg  bulbs  for  thirty  minutes.  When 
heated  for  ten  minutes  in  milk  the  thermal  death  point  is  77.8°  C. 
(172°  F.). 

These  heat-resisting  lactic-acid  bacteria  play  an  important  part  in 
pasteurized  milk  and  undoubtedly  account  to  a  large  extent  for  its 
ultimate  souring. 

5.  All  milk,  whether  pasteurized  or  raw,  must  necessarily  be 
infected  during  cooling  and  bottling  by  bacteria  in  the  receiving 
tanks,  in  the  pipes,  on  the  cooler,  and  in  the  bottles;  but  the  low 
bacterial  counts  obtained  from  pasteurized  milk  in  these  investiga- 
tions show  that  the  reinfection  must  have  been  very  small. 

6.  It  is  manifestly  unfair  to  conclude  that  bacteria  increase  faster 
in  pasteurized  than  in  raw  milk,  simply  from  a  comparison  of  the 
ratios  of  bacterial  increase.  If  a  pasteurized  milk  with  a  low  initial 
count  is  compared  with  a  raw  milk  of  high  bacterial  content  then  the 
ratios  of  increase  may  show  that  the  bacteria  in  the  heated  milk  do 
increase  faster;  but  if  the  same  pasteurized  milk  is  compared  with  a 
clean  raw  milk  with  a  low  count,  then  the  ratios  of  increase  will  be 
found  to  be  approximately  the  same.  From  the  results  of  this 
investigation  it  is  evident  that  bacterial  increase  in  an  efficiently 
pasteurized  and  a  clean  raw  milk  is  about  the  same  when  the  sam- 
ples of  milk  are  held  under  similar  temperature  conditions.  This 
question  of  the  relative  growth  of  bacteria  in  raw  and  pasteurized 
milk  can  be  properly  settled  only  by  a  long  series  of  comparisons  of 
samples  of  milk  with  approximately  the  same  bacterial  count  and 
similar  bacterial  group  percentages. 

7.  The  * 'holder '^  process  of  pasteurization  is  superior  to  the 
''flash"  process.  With  the  * 'holder"  process  a  high  efficiency  may 
be  obtained  with  a  low  temperature,  while  to  obtain  the  same  effi- 
ciency with  the  ' 'flash"  process  a  high  temperature  would  be  required. 
A  temperature  of  62.8°  C.  (145°  F.)  for  tliirty  minutes  seems  best 
adapted  for  efficient  pasteurization. 

8.  Considering  the  low  counts  of  bottled  commercially  pasteurized 
milk  and  the  similarity  of  the  bacterial  group  proportions  to  those  of 
clean  raw  milk,  the  former  can  not  be  classed  from  a  bacteriological 
point  of  view  as  inferior  to  conmiercial  raw  milk.    Pasteurized  and 
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Taw  milk  should,  however,  always  be  bottled  and  should  not  be 
■allowed  to  be  sold  as  '^oose"  milk  from  stores. 

9.  Pasteurization  should  always  be  imder  the  control  of  competent 
men  who  understand  the  scientific  side  of  the  problem.  It  is  believed 
that  ignorance  of  fundamental  bacteriological  facts  often  accounts 
for  inefficient  results  rather  than  a  willful  lack  of  care  on  the  part  of 
the  dairyman. 
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APPENDIX. 


COMMERCIAL  MILK. 

In  the  succeeding  tables  "0"  days  means  the  day  the  milk  was  received  at  the 
laboratory,  which  is  equivalent  to  tne  time  the  consumer  would  receive  it. 

Table  I. — Acidity  and  bacterial  content  of  commercially  pasteurized  milk  in  a  small 

city— Milk  held  at  W  C.  {50°  R). 


Sample 
No. 


27 
29 
31 
33 

I 

35 

37 
39 
41 
43 


;  Acidity 
Age  of    in  per 


milk 
in  days. 


0 
1 
2 

0 
1 
2 

0 
1 
2 

0 
1 
2 

0 
1 
2 

0 
1 

0 
1 

0 
1 

0 
1 


{ 


centafe 

of  lactic 

acid. 


0.13 
.18 
.25 

.14 
.15 
.19 

.17 
.17 
.24 

.16 
.19 
.40 

.14 
.16 
.17 

.14 
.16 

.14 
.16 

.16 
.16 

.17 
.17 


Total 


Peptonizing 
bacteria  per 


hartpria  ™»r     bacteria  per 

c'ro'?.tes-^-«i2?JJ^°^«« 
lactose  agar.,      ^^^ 


35,200 
76.500 

25.000 
68,650 

980,000 


33.350 
45,400 


1.200 
3.000 


Lactio-acid 

bacteria  per 

c.  c.  on  litmus 

lactose 

gelatin. 


Alkali  formers 

and  Inert 

bacteria  per 

c.  c.  on  litmus 

lactose 

gelatin. 


20.250.000 
80,960,000 

800.000 
1,300,000 

10.700.000 
51,200,000 

2,200,000 

1.212,000 

140,000 
2,000,000 

730.000 
11,700.000 

13,500.000 

600,000 

6.310.000 
42,500,000 

310,000 
1,200.000 

6,200,000 
19,700,000  . 

2.200,000 
16,300.000 

14.830,000 
98.000.000 

400,000 
800.000 

12,600,000  ' 
71,300,000 

700,000 

240.000 
715.000 

10.000 
900.000 

63.000  ! 

200,000  ; 

37.000 
a200,000 

629.000 
690.000     i. 


a  Dilution  on 
b  Might  liave 


gelatin  plates  was  too  high:  differential  count  is  of  no  value, 
been  alkali  lonners  or  inert  lorma. 
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TABI.B  II. — AdiUy  and  baeUrial  content  of  ecmimerciaUy  pasteurized  milk  in  a  tmaU 
dty—Milk  held  at  roam  temperature  tt-W  C.  (71.^77**  F.). 


flample 
No. 


Ace  of 

mUk 
indayB. 


"{ 


M 


36 


as 


40 


{ 

1 
{ 


0 
1 


1 
0 


0 

1 


0 

1 


0 

1 


Addlty 
in 


cm' 
of  lac 
add. 


an 


,78 


.14 
.78 

.17 


.80 
.17 

.15 
.57 

.14 
.07 


15 
10 


Totalbao- 
terlajpercc 

on  Utmua 
lactoaeagar. 


31,600,000 


1,861,000,000 


3,820,000 
1,774,000,000 

38,030,000 


380,000,000 
6,156,000 

1,024,000,000 

154,000 
1,364,000,000 

34.260 
1,304,000,000 


24,700 
106,600,000 


PeptonldDg 

bacteria  per 

ccoolltmua 

lactose 

gelatin. 


700,000 


2,000,000 


800,000 
l,000,t)00 

500,000 


Lactlo«dd 

bacteria  per 

c.  c.  on  Utmos 

lactooe  gelatin. 


1,000,000 


5,000,000 

17,600 
25,000,000 


1,500 


(«) 


100 


5,600,000 


1,180,000,000 


2,700,000 
a  1,600,000,000 

25,600,000 


^340,000,000 
4.600,000 


886,000,000 

70,000 
c  1,040, 000, 000 


2,500 
'1,000,000,000 


/86, 800,000 


Alkali 

formers 

and  inert 

bacteria  per 

CO. on  Ut- 

mns  lactose 

gelatin. 


2,700,000 


220,000 
2,400,000 


Remarks. 


2,500,000 

8,000,000 
57,000 


(30,500) 
2,600 


6,700 


A  large  proportion 
of  these  may  have 
beenoftheLactis 
aerogenes  type. 

Curdled;  gas  in 
curd. 


Do. 

A  lazge  proportion 
may   have   beoi 
Lactis  aerogenes. 
Do. 

A  laige  proportfon 
may  have  been 
Lactis  aerogenes; 
sour,  curdled. 


Not  curdled,  but 
sour. 

ICav  have  been  lao- 
tio-acld  bacteria. 

Curdled;  gas  in 
curd. 


} 


Counts  fkom  agar 
plates;  tempera- 
lure  of  room  tow 
probably  ao- 
oonnts  for  stow 
acid  formatfon. 


•  26,000,000  Lactis  aerogenes. 
^  36,000,000  Lactis  aerogenes. 
eOni 


<  1,000.000  Lactis  aerogenes. 

'  Oelaun  plate  tost. 

/  8,800,000  Lactis  aerogenes. 


Tablb  Uh'^Poiteunzed  milk  in  a  small  dtff — TotcU  count  and  percentage  of  different 

graups^MUk  held  at  10"*  C.  {SO""  F.). 


Sam- 
ptoNa 


27 
28 
31 
33 

35 

37 


Age  of 

mUk 

in  days. 


.i*  > 


0 

1 

0 

1 

0 

1 

0 

1 

0 

1 


Total  bacteria 
par  c.  o.  on 
litmus  lao> 
tose  gelatin. 


13,700,000 
52,500,000 

870,000 
14,300,000 

8,610,000 
37,200,000 

13,700,000 
72,100,000 

110,000 
30.200 


Percentage 
ofpepton- 
Uing  bac- 
teria. 


5.83 

2.47 

1&08 
13.08 

2.43 
3.22 

2.91 
1.08 

8.08 


Percentage 
of  lactio- 
acid  bac- 
teria. 


3.87 


•^•f 


7a  10 

97.52 

83.90 
81.81 

72.00 
52.95 

91.97 
08.89 

57.27 


Peroentage 
of  alkali  or 
inert  bac- 
teria. 


96.02 


16.05 


4.19 

25.55 
43.81 

5.10 
33.63 


64fi36*»-BuU,  i2^1Q- 
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Table  IV. — Pasteurized  milk  in  a  small  city — Total  cimrU  and  percentage  of  different 
groups— Milk  held  at  room  temperature  it""  to  t5^  C.  (7i.tf*»  to  77®  F.). 


Sam- 
ple No. 

Age  of    '^^e*'^^** 

Percentage 
of  pepton- 
izing bac- 
teria. 

Percentage  Percentage 
oflacUo-   1  of  alkali  or 
acid  bac-  ;  Inert  bac- 
teria.     J      teria. 

28 

30 

32 
34 

36 
38 

{       ? 

{       ? 
0 

{    ? 
{    ? 

0 

9,000,000 
1,182,000,000 

3,720,000 
1,630,000,000 

28,500,000 

8,100,000 
1,011,000,000 

144,500 
1,065,000,000 

37,100 

7.77 
1.69 

21.50 
.061 

1.754 

12.34 
.49 

12.11 
2.34 

4.04 

62.22 
99.83 

30.00 

72.58 
99.93 

89.82 

56.79 
9&71 

48.44 

97.65 

6.73 

5.91 

&42 

30.86 
.79 

39.44 

89.21 

Table  V. — Raw  and  pasteurized  milk  at  Boston,  Mass.,  examined  during  November  and 
December,  1908,  and  January,  1909— Milk  held  at  10^  C,  (SO^  F^. 

PASTEURIZED  MILK. 


A^^^^'^inwr^' 
Sample    milk   ^J^^ 


No. 


45 

47 
49 

51 

53 
55 

57 
59 
61 

68 


in 
days. 


of  lactic 
acid. 


Total  bacte 

ria  oer  c.  c. 

on  iltmos 

lactose  agar. 


{ 


{ 


0 
1 


0 
1 

0 

1 


1  = 

I 

I 

0 

1 

0 : 

1  . 


0 

1 

0 

1 

0 

1 

0 


a  18 


.18 
.18 

.19 
.20 


22,800 
137,000 


29.000 
393.000 

39,500 
360,000 


.20  200,000 

.21       2,000,000 

18  106,000 


Peptoniz- 
ing bacteria 
per.  c.  c.  on 
litmus  lac- 
tose gelatin. 


4,900 


Lactic-add  bac- 
teria per  c.  c  on 
litmus  lactose 
gelatin. 


22,400 


12.000  {l.^,.       %'^Z 


4.800 


.24 
.27 

.28 
.33 


3,400 
30,000 

7,000 
100,000 

6,000 


.19 

.19 
.21 
.18 

.19 


6  117,000 
300,000 

120,000 

2,700,000 

I 

58<i,0(i0  . 
7,620,000 

218,000 

9,330,000 

0  204,000 

6  950,000 


12,000 
150,000 

10,000 


Alkali  form- 
ers and  inert 
bacteria  per 
c.  c.  on  lit- 
mus lactose 
gelatin. 


Remarks. 


} 


L.  A. 

{l.  A. 

\L.  A. 
(l.  A. 


13,200  \ 
2,000  / 

33,600 

124,000 

6,000 


57,000 

71,000 

800,000 

600,000 

88,000 


«»'«»  {l.  a 


{l. 
{l. 


9,100 
43.000 


8,300 

3,700 
100,000 

70,000 
600,000 

30,000 


45,000 
330,000 

38,000 


350,000 


{l.  A. 
\L.  A. 


65,000 
10,000 
50,000 

140.000 

40,000 

4,300,000 

400,000 

414.000 
7,040,000 

79,000 

15,000 

1,000,000. 

800,000  IJ 

22,000  'i 


48,000 

140.000 
60,000 


40,000 
70,000 

3o,ooa 

2,600,000 

70,000 
450,000 

50,000 

900,000 

96,000 


Samples  45  to  63,  Inclu- 
sive, from  dairy  B. 
nasteurtied  140M50* 
F.  (6 8  •-65.6*  C), 
<' flash  "process. 

fLarge  number, of  add 
\   colonies  on  a^ar. 


I       400,000 


'270,000  of  total  peptoD- 
I  fiq 


o  L.  A.  means  B.  lactis  aero^encs.    The  colonies  growing  on 
cjobnies  of  B.  lactis  aerogenes  were  included  in  the  (founts. 
A  In  these  cases  gelatiu  was  used  imitead  of  a^. 


Izing  bacteria  uque. 
fled  gelatin  only 
slightfy.   . 
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Table  V. — Raw  and  pasteurized  milh  at  Boeton^  Mase.j  examined  during  November  and 
December,  1908,  and  January,  1909— MUk  held  at  W  C.  (50''  /?*.)— Continued. 


PASTEURIZED  MILE-Continued. 


mMi^m.t^^t^^ 


No. 


65 


67 


69 
71 

78 

75 

77 

79 

81 
83 

85 


I 


87 


123 


Age  of 

milk 

In 

days. 


{ 


{ 


0 
1 


I : 


0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 


1 

2 


0 

1 

3 
8 


1 

3 

3 
4 


Acidity 
in  per- 
centage 
oflacnc 
add. 


0.24 
.20 


.30 
.33 


38 

18 
10 

18 


.10 

.18 
.18 

.18 

.20 

.18 
.18 

.18 

,18 

.18 
.18 

.18 


18 

18 


.31 
.42 


.18 
.18 


.41 
.20 


.24 


Total  bacte- 
ria per  e.  c. 
on  litmus 

lactose  agar 


22,400 
3,600,000 


118,000 
39,000,000 

41,000 

880,000 

46,550 
.  214,000 

86,000 

0  1,070,000 

.  60,200 
1,750,000 

62,800 
800,000 

20,300 
50,000 

17,000 
120,000 

45,300 


6,000 


10,700 


467,000,000 
656,000,000 


0183,000 


020,100,000 
0300,000,000 

140,000 


15,000,000 

21,300,000 
184j000,-000 


Peptonit- 
ing  bacteria 
per.  c.  c.  on 
litmus  lac- 
lose  gelatin. 


20,000 
1,000,000 


6,000 
1,400,000 

2,700 

90,000 

3,000 
100,000 

1,000 

120,000 

15,000 
100,000 

2,800 
100,000 

600 


1,000 


0 
3,000 


Lactlc-add  bac- 
teria per  c.  c.  on 
litmus  lactose 
gelatin. 


6,000 
0 


06,000 

LL.  A.        11,000 

10,800,000 

LL.  a.       200,000 


{l. 


2,200 
400 

10,000 

34,000 
260,000 

18.300 


145,000 
660,000 

3,400 


k 


25,000 

8,000 

30,000 

36,000 


23,000 


6,000 
32,000 


350,000,000 
(Agar.) 


21,000         45,000 

2,700,000  ^Lx,  600,000 
Amnnnn'i  200,000,000 
0,WW,UW  \L.  A.  30,000,000 


3,400,000  :  Iv.  A«   1,000,000 

670oerooo-f —    ae,  000,000 


Alkali  form- 
ers and  inert 
bacteria  per 
c.  c.  on  lit- 
mus lactose 
gelatin. 


32,000 
600,000 


}  3,000 

}    6,300,000 


} 


} 


40,000 

600,000 

11,700 
80,000 

15,400 

1,850,000 

15,000 
380,000 

50,000 
1,300,000 

10,000 


5,000 


1,000 


3,000 


66,000 

20,000,000 
64,000,000 


Remarks. 


Samples  65  to  80,  inclu- 
sive from  dairy  A  pas- 
teurised at  60*<65.6'' 
C.  (140 '-ISO*  F.) 
"holder"  process. 


(Some  alkali  fbrtns.prob- 
ablv  lactlc^ia  bao- 
terla. 
Do. 


f Probably  the  alkali 
formers  had  a  laree 
percentage  of  acid 
forms. 


Dilution  too  high. 


{ 


Do. 

No  peptonizing  bacte- 
ria in  l:l,000dilution. 
Gelatin  liquefied. 


Plates  contaminated. 

fNo  peptonlalng  bact 
L   ria  in  1:100  dilution. 


Lactic-acid  bacteria 
and  alkali  formers  in- 
distinguishable. 

Plates  contaminated. 

Gelatin  lost. 

Slightly  sour,  cheesv; 
total  bacteria  mostly 
acid.  > 

Plates  contaminated.' 


10,200,000 

7o,'666;o66 


Samples  123-133,  inclu- 
sive, from  dairy  A 
pasteurized  60**-^.6* 
C.  a40*-150«  F.) 
"holder"  process. 

No  peptonizing  or  lactic 
acia  bacteria  in 
lUOO.OOO' dilution. 

Slightly  sour. 


<>(  lo  these  tiWes  gelBtftt  ti^as  tided  tiiste&id  of  agitf. 
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BACTESIOLOOY  OF  PASTEUBIZED  AND  BAW  HILK. 


Table  V. — Raw  and  pagUurized  milk  at  BotUm,  Mau.^  examined  during  November  and 
December,  1908,  and  January,  190»—MUk  held  at  10"*  C,  {5&^  f .)— Cimtinued. 


PASTEURIZED  mLK-Contlnued. 


Bample 
No. 


las 


1» 


131 


133 


91 


«3 


06 


Age  of 
milk 

In 
days. 


Addlty 
In  per- 
centage 
oflacUc 
add. 


I 


97 


99 
101 


103 


0 
1 

2 
3 


3 
3 

4 

5 

0 
1 
2 
3 

4 

6 

0 
1 


3 

4 


0 
1 
2 


0 
1 

0 
1 
2 

0 
1 

2 

3 

0 
1 
2 

0 
I 


0 
1 


a  14 
.18 


10,240,000 
148,000,000 

200,000,000 


36 

14 

15 
15 


14,100 

«2, 400, 000 
035,000,000 


.28 
.45 

14 

14 


■263,000,000 
•700,000,000 

a35,000 
12,400,000 


.15 

.19 
.33 

.14 


.14 

.19 
.36 


.20 
.34 
.87 


.19 
.20 

.27 
.41 
.72 

.19 
.27 

.49 
.81 

.24 
.26 
.49 

.18 
.22 


.22 

.26 

.50 


Total  bMte- 

ria  per  c.  c. 

oniUmos 

lactose  agar, 


a77,000,000 
0400,000,000 


a  12, 000 


814,400,000 
054,000,000 


74,880,000 
443,000.000 


3,700,000 
95,000,000 

17,000,000 
475,000,000 


4,300,000 
17,500,000 

202,000,000 


PeptoDis- 

Ing  bacteria 

per  c.  con 

ntmiBlao- 

tooe  gelatin. 


600,000 
9,000,000 


I 


2,000 

700,000 
10,000,000 


21,000,000 
50,000,000 

8,000 
200,000 


6,000,000 
10,000,000 


1,500 


1,400,000 
5,000,000 


800,000 
2,000,000 

1,700,000 
10,000,000 


liactio^dd  bac- 
teria per  c.  con 
litmus  lactose 
gelatin. 


27,400,000 
L.A.  1,800,000 

43,000,000 
L.A.  30,000,000 


L.  A.  1,000,000 


172,000,000 
iL-A.  15,000,000 

520,000,000 
tL.A.  30,000,000 

1,000 
0 


}  55,000,000 
|lOO,000,000 

26,000 
2,200,000 


{ 


12,000,000 

L.A.  10,000,000 

100,000,000 


500 


{ 


100,000 

L.  A.   100,000 

16,000,000 


1,580,000 
71,000,000 


2,200,000 
52,250,000 


12,000 
106,000,000 

239,000,000 


900,000 
10,000,000 


200,000 


100,000 


{ 


2,500,000 
1.000,000 

100,000 

120,000,000 

L.  A.  40, 000, 000 


f  18,000,000 

IL.  A.   2,300,000 

r      160.000,000 

[L.A.  6,000,000 


9,400,000 


8,000,000 
7,000,000 


420,000 


45,000,000 
/  165,000.000 
\L.  A.  16,000,000 


AlkaUfonn- 
en  and  inert 
bacteria  per 
c  e.  <m  utr 
mas  lactose 
gelattn. 


I    9,900,000 
I  15,000,000 


7,000 

1,700,000 
24,000.000 


} 


«,  000, 000 
290^000,(00 


10,000 


} 


12,800,000 
33,000,000 


} 


0 
7,600,000 

4,000,000 
20,000,000 


1,200,000 
10,000,000 


1,700,000 
360,000 


\ 


33.000000, 
20,000,000 


Galatin  plates  UqasOad. 


SUghUy 


(No  lactic>«dd  bacteria 
\    in  1:1,000  dUotioo. 
rNo  lactlo«cid  bacteria 
\    in  1:100,000  dQatioo. 


SligliUy 


( 


No  lacti&«dd  baotaria 
in  1:100,000  dUutloD. 


Sli^Uj 


Slightty 


Gaiatin  plalM  liqaeaed. 
Samples  91-^,  inoio- 
Blva,irom  dairy  C;  to- 
tal bacteria  mostly 
acid  colonies;  pasleur- 
iaad  71.1»-7l8^  C. 
(160M65«F.)"flash" 
process. 


/No  alkali   fcrmen   in 
\    1:100,000  dilatioii. 
Sour  on  tourth  day. 


Sour. 

Gelatin  UqaeHed. 

Sour  and  dieeiy* 
Gelatin  liqaefied. 
Slightly 


Gelatin  Uqoefled;  total 
bacteria  mostly  acid 
colonies. 

Gelatin  liquefled. 
SUghtly  8Dur. 


ola  tbcse  oases  gelatin  was  used  Instead  of  agpu. 
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Tablb  v. — Raw  and  poiUurized  milk  at  Boiton^  Mau.,  examined  during  November  and 
December,  1908,  and  January,  1909— Milk  held  at  W  C.  (50*"  ^.)~<^i^tiiiued. 


PASTEURIZED  MILK-Continiied. 


Sample 
No. 


105 


107 


100 


111 


Age  of 

znllk 

In 

days. 


Addity 

in  per- 

oentan 

fhieao 

add. 


{ 


113 


116 


117 


110 


121 


0 
1 
2 


0 
1 
2 

0 
1 


0 
1 
2 

0 
1 


0 

1 

2 
3 

0 
1 

2 

0 
1 


0 
1 


0.18 
.21 
.40 


87,000 
120,000,000 
300,000,000 


.10 
.23 
.36 

.10 
.26 

.36 

.10 
.23 

.42{ 


.10 
.10 

.20 

.10 

.10 

.20 
.66 

.22 
.26 

.34 

.22 
.26 


.10 
.24 


lyital  bacte- 
ria per  c.  c. 
onUtmos 
lactose  agar 


1,760,000 
88,600,000 
66,000,000 

2,660,000 
44,200,000 

60,000,000 
4,000,000 


63,000,000 

21,000,000 
■80,000,000 

2,070,000 
8,200,000 

•08,000,000 

2,000,000 
8,800,000 
•76,000,000 


210,000 
•32,000,000 

•814^000,000 

•  1,140,000 

•  6,000,000 


■66,600,000 

•  1,410,000 
•11,200,000 


Peptonls- 
iuf  bacteria 
per  0.  con 
utmos  lac- 
tose gelatin. 


3,000,000 
20,000,000 


200,000 

600,000 

1,000,000 

210,000 
7,000,000 

2,000,000 

3,000,000 
2,100,000 
2,000,000 

150,000 
1,000,000 

1,000,000 

40,000 

200,000 

3,000,000 


Lactio-add  bac- 
teria per  c.  con 
Utmos  lactose 
gelatin. 


i 


10,000 
3,000,000 

3,000,000 

20,000 
1,000,000 


1,000,000 

310,000 
000,000 


16,000,000 
260,000,000 


600,000 
[h.  A.  100,000 
20,000,000 
[L.  A.  3.200,000 
I  50,000,000 

[h.  A.  10,000.000 

60.000 

10,000.000 

L.  A.  14,000.000 

46.000.000 

\L.  A.    1,000,000 

700.000 
[L.  A.       300,000 

10.200.000 
IL.  A.    1,400.000 

63,000,000 
LL.  A.  6,000.000 

600,000 

6.000,000 

LL.  A.       300,000 

67.000,000 

IL.  A.   4.000,000 

2,600.000 
LL.  a.       100,000 

8.000,000 
LL.  a.  300,000 
66,000,000 
LL.  A.   6,000,000 


340,000 
16,000,000 

LL.  A.  1,000.000 
46,000,000 

LL.  a.  12.000,000 

r        1,060,000 

LL.  a.        10.000 
6,000,000 


{ 


66,000,000 
L.  a.   1,000,000 


460,000 

30,000 

400,000 

000.000 


AlkaUform 
en  and  Inert 
bacteria  per 
c  c  on  Ut- 
mus  lactose 
gelatin. 


14,000,000 
0 


200,000 
3,400,000 
3,000,000 

1,180,000 
^200,000,000 

\    7,000,000 

3,000,000 
12,600,000 
18,000,000 

1,000,000 
1,600,000 

20,000,000 

0 
2,000,000 
0,000,000 


Remarks. 


Odatin  Uqoefied. 

Slightly  sour;  no  alkali 
tonners  in  1 :  10,000,- 
000  dilation. 


Slightly  sour. 


Do. 


Do: 


50,000 
12,000,000 

164,000,000 

60,000 
0 


}    8,000,000 

620,000 
8,000,000 


(No  alkaU  formers  In 
\    1 :  100,000  dilation. 


Boor. 


Gelatin  dUatlon  too 
high;  no  alkali  form- 
era  hi  1 :  1,000,000  di- 
lation. 

Slightly  soar. 


Soar  on  third  day. 


141 


0 
1 


RAW  MILK. 


0.46 


107,000,000 
668,000,000 


1,000,000 
6,000,000 


/  30.000.000 

\L.  A. 


6,000,000 


} 


8,000,000 
16,000,000 


1Sample3 141  and  143  (in- 
dudve).  From  storte, 
raw  milk. 
Slightly  soar;  larce 
number  of  lactlo-acrd 
bacteria;  ooald  not  be 
counted. 


•In  theae  oases  gdatin  was  oaed  instead  of  agar. 
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BACTEBIOLOQY  OF  PASTEUBIZED  AND  BAW  MILK. 


Table  Y.^Raw  and  pasteurized  milk  at  BoBion^  liass.y  examined  during  November  and 
December,  1908,  and  January,  1909— MUk  held  at  10"*  C.  (50**  F.)-<^ntimxed. 

RAW  MILK^-Contlnued. 


Sample 
No. 


Age  of 

milk 

In 

days. 


^^y  Total  bacte- 


143 


145 


147 


149 


I  ■ 


151 


153 


155 


157 


159 


161 


{ 


1 
2 


1 
2 
3 


0 
1 

2 
3 


1 
2 

3 

4 


1 

2 

3 
4 

0 
1 
2 


0 
1 


0 
1 

0 
1 

2 

3 


0 

1 

2 
3 


15,300,000 

195.000,000 
0440,000,000 

100,000 


4,400,000 


Peptmitz- 
log  Dacteria 
per  0.  c.  on 
litmus  lac- 
tose gelatin. 


400,000 

2,500,000 
20,000,000 


Lacti04dd  bac- 
teria per  c.  c.  on 
litmus  lactose 
gelatin. 


{ 


.18 
.19 

.19 
.42 


.20 

.23 
.23 

.24 
.28 

.31 


763,500,000  I  50,000,000 
1,450,000,000  20,000,000 


50,000 
2,730,000 

60,000,000 
910,000,000 


120,000 

3,000,000 
2,500,000 


a  7, 100 

a  118,000 
0  4,600,000 

027,000,000 
074,000,000 

0160,000,000 


.23  024,400 

.23    02,100,000 

.23    09,200,000 

.29   048,000,000 
.34  ;ol29,000,000 


I 


.20 
.22 
.26 

.29 

.21 
.23 

.23 


.22 
.22 

.16 
.18 

.23 

.38 


»17 
.18 

•  29 

.47 


234,000 
13.000,000 
25,000,000 

590.000,000 

405,000 
8,500.000 

151,000,000 

212.000 
32,900,000 

444.500 
71,000,000 

240,000,000 

641,000,000 


401,000 
030,900,000 
370,000,000 


2,600 

49,000 
2,600,000 

7,000,000 
8.000,000 

18,000,000 

2,100 

100,000 

700,000 

3.000.000 
6,000,000 

1,000 

100,000 

1,000,000 

6,000,000 

40,000 
1,800,000 

9,000,000 

3,000 
200,000 


500,000 

3,000,000 

12,000,000 


1,000,000 
5,000,000 


L.  A. 


6,000,000 
500,000 


420,000,000 


Alkali  form- 
ers and  Inert 
bacteria  per 
c.  c.  on  lit- 
mus lactose 
gelatin. 


I    1,600,000 


700,000,000 


20,000,000 


{: 


L.  A. 
L.A. 


000 

300 

6,000 

0 


L.  A.   5.000,000 
/  15,000,000 

\L.  A.  18,000,000 
I  67,000,000 

\L.  A.  55,000,000 

i  4,200 

\L.  A.  200 

1,400,000 

/  2.000,000 

\L.  A.       100,000 

25,000,000 

106,000,000 

255,000 

2,800.000 

18,000,000 

r  162,000,000 

\L.A.   3,000,000 

400.000 

2,500,000 

22,000,000 

L.  A.   2,000,000 

171,000 
9,500,000 


200,000,000 


2,800,000 
30,000,000 


} 


} 


3,600 

64,000 
2,000,000 

15,000,000 
39,000,000 

20,000,000 

17,900 

600,000 

6,400,000 

20,000,000 
16,000,000 


{ 


26.800.000 
f  134,000.000 
tL.  A.   1,000,000 


{ 


26,100,000 

L.  A.       200,000 

90,000,000 


5,000 

600,000 

11,000,000 

I  34,000,000 

50,000 
3,700,000 

12,000,000 

7,000 
600,000 


4,000,000 
20,000,000 


} 


3,600,000 
200,000,000 


Remarks. 


Could  not  estimate  lao- 
tic  acid  and  alkaU 
fDrming  bacteria;  too 
many  ootonies. 

Slightly  sour. 

Qelatln  plates  Uquefled. 
Samples  of  raw  mUk 
from  dairy  O,  No. 
145-185,  incluslTe. 


Gelatin  partially  Uque- 
fled. 

Sligiitly  sour  and 
sligbUy  bitter. 

Gelatin  plates  Uquefled. 
Lactic-acid  bacteria  did 
not  sbow. 

Slightly  bitter,  bctk? 
add  and  alkali  form- 
ing bacteria  were 
mostly  add  oofonies. 


No  lactic-add  bacteria 
in  1:100,000  dilution. 


Gelatin  plates  Uquefled. 


SUghtly  sour;  lactic 
acid  and  alkali  form- 
ing bacteria  could  not 
be  counted. 

Gelatin  plates  Uquefled. 


Sour. 


o  In  these  cases  gelatin  was  used  instead  of  agar. 
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Tabus  V. — Raw  and  jHUteurked  milh  at  Boston,  Mass.,  examined  during  November  and 
December,  1908,  and  January,  1909— MUk  held  at  W  C.  {SO"*  F.)— Continued. 


RAW  MILK— Continoed. 


Sample 
No. 

Age  or 
milk 

In 
daysu 

163 

0 

1 
2 

les 

0 
1 

0 

167 

1 
2 

3 

4 

f       0 

169 

J 

3 

0 

170 

1 
2 

3 

'      171 

f       0 

1 

3 

3 

[       ^ 

173 

1 
2 

3 
4 

f       0 

1 

175 

2 

3 

4 

0 

177 

1 

2 

3 

^        4 

179 

0 
1 
2 

3 

r      0 

181 

1 

2 

I       3 

Aoldity 
in 


a  18 
.23 
.76 

.18 

.22 

.15 


.16 
.25 

.45 

.74 

.16 
.17 
.26 
.47 

.17 

.17 
.17 
.27 

.16 
.16 

.17 

.33 


.14 

.14 

.15 
.25 
.40 

.14 
.15 

.17 

.26 
.42 

.14 

.16 

.20 
.30 
.63 

14 
.15 
.18 

.31 

.14 
.15 
.19 
.32 


06,000,000 
218,000,000 


Totalbaote> 

liapero.  0. 

oniltmus 

laotoeeagar, 


102,000,000 

119,000,000 

2,900,000 


56,000,000 
281,000,000 

731,000,000 


3,180,000 
150,000,000 
360,000.000 
681,000,000 

91.000 

-3,170,000 

37,700.000 

298,000,000 

102.000 
4,500,000 

16,800,000 

545,000,000 


128,000 

2,040,000 

69,000,000 
620,000.000 
635,000,000 

133,000 
2,170.000 

107,000,000 

420,000,000 
663,000,000 

884,000 

30,900,000 

212,000,000 
560,000.000 


583,000 

50,000,000 

130,000,000 

ft360,000,000 

390,000 

19,000,000 

bl85/)00.000 


Peptonls- 
ing  bacteria 
per  0.  c.  on 
litmus  lao- 
tooe  gelatin. 


45,000 
5,000,000 


15,000,000 
160,000 


430,000 
10,000,000 

0 


130,000 


5,000.000 
10,000,000 

30,000 

900,000 
2,600,000 
4,000,000 


300,000 
1,700,000 


60,000 

250,000 

1,700,000 
10.000.000 
10,000,000 

30,000 
300,000 


6,000,000 
50,000 


2.000,000 
80,000,000 


20,000,000 


Laotic-add  bac- 
teria per  0. 0.  on 
litmus  lactose 
gelatin. 


100,000,000 


(•) 


Alkali  form- 
ers and  inert 
bacteria  per 
c.  c.  on  lit- 
mus lactose 
gelatin. 


40,000,000 


(«) 


{ 


41,000,000 

210,000,000 

600,000,000 

L.  A.  10,000,000 


(«) 


{ 


270,000,000 
770,000,000 

9,000 

1,200,000 

0,900.000 

L.  A.       200,000 

167,000,000 


{. 


700,000 

14,600,000 

A.       600,000 

180.000,000 


I 


{ 


30,000 

5«),000 

L.  A.         30,000 

28.300,000 

260,000,000 

62,000,000 

60.000 

820. 0(K) 

14,000,000 

(Agar.) 


70,000,000 

210,000 
L.  A.         20.000 

/  6.600.000 

I  (Agar.) 

34.000,000 
200,000,000 


60,000,000 


19  000  000  i    240,000,000 
1», 000,000  \l.  A.  11.000.000 


20.000 
1,200.000 
6,000,000 
6,000,000 


220,000 

20,000,000 

67,000,000 

276.000,000 


17.200,000 
46,000.000 

60,000,000 


C«) 


38,000.000 
30,000,000 


} 


1,800,000 
14,600,000 
30,000,000 


} 


3,390,000 
20,900,000 


} 


}■ 


30.000 

960,000 

16,500.000 
70,000,000 
60,000,000 

50.000 
880,000 


29,000,000 
830,000 


} 


129.000,000 
60,000,000 


} 


70,000,000 
90,000,000 

70,000 

4,000,000 

113,000.000 

40,000,000 


Remarks. 


Could  not  be  counted. 

Sour. 

Oelatin  plates  could  not 

be  counted. 
Sour. 

A  few  acid  and  large 
number  of  alkali  colo- 
nies. Could  not  esti- 
mate. 


Gelatin  plates  liquefied. 


Numerous  alkali  colo- 
nies grouped  together. 


Plates  liquefied. 


Gelatin  contaminated; 
lactic  -  acid  bacteria 
determined  on  agar. 


Slightly  sour. 


Gelatin  liquefied. 

Do. 
Slightly  sour. 


{Gelatin  liquefied:  lac- 
tic-acid bacteria  de- 
termined on  agar. 


Sour. 

Gelatin  liquefied. 
Do. 


a  Not  ettimated. 


b  In  these  cases  gelatin  was  used  instead  of  agar. 


72 


BACTEBIOLOQY  OF  PASTEX7BIZED  AKD  BAW  MILK* 


Table  V. — Raw  and  pasteuriztd  milh  at  Boston^  Man,,  examxn/ed  during  November  and 
December,  1908,  and  January,  1909— MUk  held  at  W  C.  (SO''  F.)— Continued. 


RAW  MILK— Oontbrned. 


Sample 
No. 

Age  of 

mUk 

In 

days* 

Addity 

oantage 

of  laotio 

add. 

Total  bacte- 
ria per  c.  c. 
on  litmus 
lactoaeagar. 

PeptonlB- 

ingbaeteria 

per  c.  c.  on 

Utmuslao- 

tose  gelatin. 

LaofciMdd  bac- 
teria per  0.  c.  on 
litmus  lactose 
gelatin. 

AlkaU  form- 
ers and  inert 
bacteria  per 
c.  c.  on  Ot- 
mus  lactose 
gelatin. 

Remarks. 

0 
1 

2 

0 

1 

2 
3 

0.15 
.17 

.36 

.15 
.15 

580,000 
035,600,000 

0336,000,000 

•  128,000 
018,000,000 

Gelatin  liquefied. 

183 

185 

1,500,000 
2,000,000 

4,000 
700,000 

r          24,000,000 
\L.A.  1,300,000 
r         306,000,000 
1l.  A.  3,000,000 

/               109,000 
\L.  A.          8,000 
/           11,100,000 
\L.  A.   1,400,000 

1    8,800,000 
1  25,000,000 

\         12,000 
I    4,800,000 

.44 

• 

SUglitly  sour. 

ain  these  oases  gelatin  was  used  instead  of  agar. 

Table  VI. — Raw  and  pasteurized  milk  at  Boston,  Mass, — Examination  of  winter  milk 

held  at  roam  temperature,  tl.l"*  C.  (70**  F.). 

PASTEURIZED  MILK. 


Sample 
No. 


Age  of 
milk 

In 
days. 


46 

1 

0 

48 

• 

50 

1 

52 

■ 

54 

{ 

0 

50 

58 

' 

60 

62 

« 

64 

1 

Addity 
in  per- 
centage 
of  lactic 
acid. 


a22 

.18 
27 

.10 
.24 

.20 
.23 

.10 
.24 

.24 
.30 

.34 

.71 

.32 
.58 

.18 
.34 

.18 
.27 


-21,200 
44,000,000 


34,000 
217,000,000 

41,200 
302,000,000 

230,000 


Total  bacte> 

ria  per  c.  c. 

onlitmus 

lactose  agar. 


145,000 
676,000,000 

31,400 
408,000,000 

200,000 
549,000,000 

223,000 
278,000,000 

255,000 
190,000,000 

193,000 
295,000,000 


Peptoniz- 
ing Dacteria 
per  c.  c.  on 
litmus  lac- 
tose gelatin. 


4,000 
4,800,000 

4,600 
7,000,000 

3,000 
8,000,000 

23,000 


9.000 
30,000,000 

4,000 
9,000,000 

19,000 
2,000,000 

12,000 
1,000,000 

19,000 
12,000,000 

5,000 
4,000,000 


Lactlc-acld  bac- 
teria per  c.  c.  on 
litmus  lactose 
gelatin. 


{ 


15,400 

30,500,000 

L.  A.      800,000 


\L.  A.  200 

200,000,000 


Alkali  form- 
ers and  inert 
bacteria  per 
c.  c.  on  lit- 
mus lactose 
gelatin. 


} 


5,500 
7,900,000 


1,200  I 


32,000 
/  207,000.000 
\L.  A.  4,000,000 


\L.A. 


80,000 
79,000 


60.000 
280,000,000 

36,000 

A.    11,000 

370,000,000 

A.  28,000,000 

100.000 

A.    11,000 

480,000,000 

A.  58,000,000 

200,000 

,  A.   600,000 

253,000,0(f0 

A.  24,000,000 

62,000 

A.    34,000 

72,000,000 

A.  21,000,000 

140,000 

.  A.    19,000 

286,000,000 

A.  14,000,000 


10,000 
33,000i000 


10.000 
}  9,000,000 


} 


60,000 


50,000 
120,000,000 

8,000 
19,000,000 

6»000 
0 

45,000 
^117.000,000 

}         40,000 
}l25,000,000 

26,000 
96,000,000 


From  dairy  B,  No.  46  to 
64  (inclusive).  Pas- 
teurised (140-150*  F.> 
60-66.6*  C.  «"■  *  "" 
process. 


Sour. 


SUglitly  soar. 
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Tablb  Yl.^Raw  and  patUurized  milk  at  Boston,  Mass. — Examinatwn  of  winter  mi£b 

held  at  room  temperature,  tlJ**  C,  {70**  i?*.)— Continued. 


PASTEURIZED  MILK— Contlniied. 


Sun- 

milk 

in 

days. 

Acidity 

ofla^ 
add. 

m 

f   0 
1 

a26 
.29 

68 

i: 

.27 
.72 

70 

0 
1 

.27 

72 

{! 

.18 
.22 

74 

{? 

.16 
.18 

76 

/    0 

,  1 

.18 
.27 

78 

0 

1 

.18 
.19 

80 

0 

1 

.18 
.27 

82 

r  0 

1 

.18 
.19 

I    2 

.90 

84 

{? 

.18 
.18 

80 

f    0 
1 
2 

.18 
.18 
.52 

88 

f    0 

1 

2 

.18 
.18 
.89 

0 

.20 

02 

Is 

.68 
1.03 

94 

0 

1 

.20 
.36 

06 

{? 

.28 
.94 

[  ^ 

.24 

96 

1 

.56 

100 

b 

.24 
.71 

per  c.  0.  on 

Utmus 
lactose  agar. 


14,500,000 
70,000,000 

• 

63,000 
880,000,000 

61,000 
143,000,000 

61,800 
16,000,000 

28,300 
10,200,000 

172,000 
276,000,000 

78,600 
16,900,000 

63,100 
17,000,000 

20.200 
72,000,000 


46,000 
24,000,000 

6,900 
14,800,000 


86,200 
160,000,000 


79,640,000 


120,980,000,000 


3,700,000 
7,040,000,000 

16,900,000 


4,300,000 

1,088,000,000 
1,660.000 


Peptonto* 
ing  Docteria 
per  c.  c.  on 
litmus  lao- 
tosegdatin. 


Lactlo-add  bac- 
teria per  c.  c  on 
litmus  lactase 
gelatin. 


(a)  »6,700 

n.000.00.  {^.  ^  »;«»;<!«> 


8,oro 

20,000,000 

1,000 
8,000,000 

2,000 
6,000,000 

2,400 
13,000,000 

23,000 
6,000,000 

1,400 
2,000,000 

1,000 
300,000 

.  100 
10,000,000 


300 


100 


800,000 
9,000,000 

250,000 


60,000 


3,000,000 


I         200.600,000 
\L.  A.  4, 


40,000 

00,000 

000,000 


{ 


27.000 

107,000,000 

L.  A.  3,000,000 

29,000 
19,000,000 

20.000 
11,000,000 

176,000 
260,000,000 

3,500 
14,000,000 

30.000 

iL.  A.  0.000 

8,000,000 

LL.  A.       100,000 

13,000 
20,000,000 


Alkali  lbrro> 
ers  and  inert 
bacteria  per 
c  c.  on  lit- 
mus lactose 
gelatin. 


(•) 
33,000.000 


20,000,000 


30,000 


83,000 


2.500,000 
r  93,000,000 

[L.  .\.  7,000,000 

3,000,000 


{ 


0  3.500,000 

900,000,000 

L.  A.  30,000,000 


I  33,000, 


000 


19,200 
4,000,000 

9,200 
17,000,000 

13,000 
44,000,000 

61,000 
19,000,000 

I         15,000 
1^    2,800,000 

26,000 
10,000,000 


I  96,000,000 
6,000,000 


} 


80,000 


60,000,000 


Remarks. 


From  dairy  A,  No.  60  to 
88  (Inclusive.  Pas- 
teurised (140-150*  F.) 
60-66.6'  C., «' holder'^ 
process. 


Sour. 


AcidoralkalL 


Count  not  accurate;  di- 
lution too  high. 
Sour,  curdled. 

Acid  or  alkali. 
Gelatin  liquefled. 

Do. 
Do. 
Sour. 


Gelatin  liquefied. 
Sour,  curdled. 

Gelatin  liquefied.  From 
dairy  C,  No.  92  to  102; 
also  122. 

Gelatin  liquefied;  sour. 

Mostly  acid  colonies, 
pasteurised,  "flash'* 

Brooess,  160^  F.  (76.7^* 
.). 


Slightly  sour. 


Curdled,  gas. 

Plates   were  partially 
liquefied. 

Slightly  sour. 


•  Plate  liquefled. 


b  On  agar. 
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BAGTEBIOLOOY  OF  PASTEUBIZED  Ain>  RAW  MILK. 


Table  VI. — Raw  and  pasttwrized  milk  at  Boston,  Mass. — Examination  of  winter  miUt 

held  at  room  temperaturej  £1.1^  C.  (70*'  f*.)— Continued. 


PASTEURIZED  MILK-Cootlnued. 


temple 
No. 


102 


122 


Ace  of 

mUk 

in 

days. 


{ 


0 
1 


I : 


A^_C«o  rlapercc. 

oTbJS.o-^""- 

add.   ^***®»«^ 


a  18 

.58 


.19 
.40 


1,400.000 


830,000,000     12,000.000 


Peptonis- 
Ing  bacteria 
per  c.  COD 
Utmofl  lac- 
tose gelatin. 


Lactic-acid  bac- 
teria per  c.  c.  on 
litmus  lactose 
gelatin. 


70.000 


a  4,200,000 
77,000,000 


100,000 
7,000,000 


700,000 


/  2,500. 

Us.  A.  100. 
r  50.000. 
\L.A.    2,000, 


000 
000 
000 
000 


Alkali  form- 
ers and  inert 
bacteria  jper 
c.  c.  on  lit- 
mus lactose 
gelatin. 


nomftrW 


100,000 


Gelatin  tiquffled; 
sliKhtly  sour;  could 
not  bo  used. 


1,500,000 
18,000,000 


RAW  MILK. 


0 

1 
2 

0 

1 
2 

0 
1 
2 

f       0 

1 

2 

0 

■•  1 
2 

{    ? 

0.42 
.55 

.37 
.81 

.18 
.20 

107,000,000 
573,000,000 

1 

/Raw  milk  fh>m  stores, 
\    No.  142  to  144. 

Sour. 

142 

3^^0.000  {L.jt«0^^0«>}*.«»'000 

1                                1 

15.300.000 
306,000,000 

144 

3,000.000 

Gelatin  liquefied. 

1 

Sour. 

Gelatin  liquefied.  Raw 
milk  from  dairy  G. 

146 

302.000 
81,800,000 

> 

• 

No.  146  to  152. 

.18 
.19 

.90 

.20 
.23 

50.300 
34,900,000 

Gelatin  liquefied. 
Plates  badly  liquefied: 

1,000,000 

148 

few    acid    and    nu- 
merous alkali. 
Sour,  curdled. 

150 

18,000 
0105,000,000 

1,700 
5,000.000 

/                       500 

\L.  A.              900 

80,000,000 

}           2.700 
20.000,000 

Do. 

152 

.22 
.81 

83,500 

4,100 

76.800 

2.600 

Do. 

a  Gelatin. 


ft  Approximate. 


Table  VII. — Raw  and  pasteurized  milk  at  Boston,  Mass. — Examination  of  summer 

milk  held  at  W  C.  (50°  F.).a 

PASTEURIZED  MILK. 


Sample 
No. 


271 


Age  of 

milk 

in 

days. 


1 
2 


Add- 
iiy  in 
per 
cent- 
age  of 
lactic 
acid. 


0.18 

.31 

.78 


Total  bacte- 
ria per  c.  con 
litmus  lac- 
tose agar. 


15,500,000 
100,000,000 


Peptoniz- 
ing bacte- 
ria per  cc. 
on  litmus 
lactose 
gelatin. 


1,900,000 
3,000,000 


Lactic-acid  bac- 
teria per  c  c  on 
litmus  lactose 
gelatin. 


Alkali  form- 
ers and  inert 
bacteria  on 
litmus  lac- 
tose gelatin. 


83,200,000 

I 

{l.A.626,'00o!o0O  1    ^'**»^ 


Remarks. 


Mostly  lactic  forms. 
Samples  Nos.  271-283 
from  dairy  A. 


Curdled. 


a  10*  C.  (50*  F.)  is  used  to  sbow  that  milk  was  held  in  the  refrigerator.  During  this  series  in  June  the 
temperature  of  the  refrigerator  probably  ranged  between  10*  C.  (50**  F.)  and  15'  C.  (59"  F.). 

f>  L.  A.  means  B.  lactis  aerogenes.  The  colonies  growing  on  gelatin  plates  which  looked  like  typical 
colonies  of  B.  lactis  aerogenes  were  included  in  the  counts. 
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Table  VII. — Raw  and  pasteurized  milk  at  Boston,  Mass. Examination  of  summer 

mxli  held  at  lO""  C.  {50''  F.)—Contumed. 


PASTEURIZED  MILK-Coiitinued. 


Sample 
No. 


972 


273 


274 


275 


276 


277 


278 


279 


280 


281 


282 


283 


Age  of 

milk 

In 

days. 


0 
1 
2 

0 
1 
2 


I : 


0 

1 

2 
3 

0 
1 

2 

3 
4 

0 
1 
2 
3 

0 
1 
2 
3 

0 

1 

2 

0 
1 


3 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 

3 


Acid- 
ity iD 
per- 
oent- 
Bgeof 
lactic 
acid. 


0.15 
.15 
.22 

.16 
.16 
.24 

.15 
.15 

.15 
.15 
.15 

.16 

.15 
.15 

.15 


.47 

.15 
.15 


1.25 
.14 


.27 
.74 

.15 

.15 

.23 

.15 
.15 

.15 

.54 

.15 
.15 
.10 
.28 

.15 
.15 


.27 
.15 


.15 
.23 


Total  bacte- 
ria per  c.  COD 
iitmiu  lac- 
tose agar. 


140,000 

0,600,000 

200,000,000 

42,000 

20,000,000 

247,000,000 

580,000 
25,700,000 

24,000 

2,490,000 

19,000,000 

71,000,000 

12,000 
170,000 

6,000,000 


197,000 
16,300,000 


20,000 


183,000,000 


104,000 

43,000,000 

333,000,000 

88,000 
27,300,000 

92,000,000 


144,000 

15,500.000 

166,000,000 


321,000 
21,200,000 


20,000 


Peptonit- 
ing  bacte- 
ria per  c.c. 
on  litmus 
lactose 
gelatin. 


5,600 

220,000 

8,000,000 

6,000 
3,600,000 
2,000,000 

70,000 
6,000,000 

6,000 
1,100,000 
2,000,000 

5,000,000 


Lactic-acid  bac- 
teria per  c.  c.  on 
litmus  lactose 
gelatin. 


6,000 

62,000 

70,000 

760,000 

96,000,000 

iL.A.  88,000,000 

f  1,000 

iL.A.  2,000 

16,500,000 
iL.A.  17,400,000 
206,000,000 
[L.  A.  107,000,000 


Alkali  form- 
ers and  inert 
bacteria  on 
litmus  lac- 
tose gelatin. 


434,000 
L.A.    50,000 
7.000,000 
L.A.  11,000,000 


20r000 
2,000,000 


21,000 
2,700,000 


1,000 


8,000,000 


45,000 
8,000,000 
2,000,000 


200,000 


600,000 


4,000 
600.000 
700,000 


86,000,000 
294,000,000 


1,000 

L.A.     1,000 

0 

600,000 

L.A.  6,800,000 

4,000.000 

L.A.  28,000,000 


372,000 
1,700,000 
}  20,000,000 

I    88,000 

18,700,000 

0 

^   230,000 
I  20,000,000 

}    19,000 

1,600,000 

}  12,600,000 

}  40,000,000 


IL.A. 


1,000,000 
1,000.000 


17,000 
1,800,000 


{ 


L.A. 


7,000 
1,000 


{ 


226,000,000 
L.A.  23,000,000 


32,000 
iL.A.    16,000 
6.000.000 
[L.A.  11,000.000 
75,000.000 
[L.A.  53,000,000 


r       400,000 
tL.A.  8,800,000 


L.A.  64.000 
L.A.  1,800.000 
L.A.        100,000 


} 


270,000 
1,000,000 


57,000 
17,800,000 


17,000 


}  67,000, 


000 


193,000 
65,000,000 
31,000,000 


}  20,000,000 


75.000 

8,500.000 

30,000 


Remarks. 


Slightly  sour;  cheesy. 


Slightly  soar. 


roid  taste;  would    not 
\   be  used. 

No  counts. 


Sour  and  cheesy. 


Sour;  curdled. 


Do, 


Slightly  sour. 
No  elating  counts. 


Larce  number  of  acid 
colonies;  plate  oould 
not  be  counted; 
slightly  old  taste. 

Slightly  sour;  eheesy. 


Slightly  old  taste. 

Gelatin  liquefied.*" 
Do. 

Slightly  sour. 
Gelatin  liquefied. 

Do. 
fGelatlnllquefled;  sllght- 
\    ly  sour  and  cheesy. 
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BACTEBIOLOOT  OF  PASTEURIZED  AND  RAW  MILK. 


Tablb  VII. — Raw  and  pasteurized  mili  at  Boiton,  Mats, — Examinaiion  of 

milk  held  at  lO""  C.  {M""  ^.)--€ontintted. 


RAW  MILK. 


Sample 
No. 


1 


287 


290 


291 


292 


294 


295 


Age  of 
mtik 

Id 
days. 


1 
2 


1 
2 

0 
1 
2 

0 
1 


1 
2 

0 
1 

0 
1 

0 
1 

0 

1 


0 

1 

2 
3 


1 

2 
3 


1 
2 


Add- 
ity  in 
per- 
cent- 
age of 
lactic 
add. 


0.17 

.20 
.9 

.17 

.25 
.72 

.17 


.17 

.33 
.60 

.18 

.34 
.92 

.24 
.36 

.16 
.19 

.16 
.20 

.16 
.22 

.22 

.16 
.10 
.35 


.91 

.15 
.15 


1.5 
.15 

'.si' 


Total  bacte- 
ria per  c.  con 
litmus  lao- 
toseagar. 


•  2,570,000 
•  95,000,000 


13,900,000 
85,000,000 


'•5,000,000 
•  238,000,000 


•  9,700,000 
•  164,000,000 


10,000.000 
568,000.000 


50,100,000 
299,000,000 

7,000,000 
135,000,000 

7,700,000 
163,000,000 

4,430,000 
144,000,000 

254,000,000 

5,400,000 

91,000,000 

162,000,000 


3,900,000 
21,300,000 


3.600,000 


Peptonla- 
ing  bacte- 
ria percc. 
on  litmus 

gelatin. 


200,000 
6,000,000 


{ 


1,500,000 
1,000.000 


6,000,000 


{ 


300,000 
11,000,000 


3,000,000 
0 


400,000 
1,000,000 

300,000 
5.000,000 

600,000 
1,000.000 

2,100,000 
10.000,000 

4,000,000 

1,000,000 

8,000,000 

32,000,000 


Lactio-add  bac- 
teria percc.  on 
litmus  lactose 
gelatin. 


Alkali  form- 
en  and  inert 
bacteria  on 
litmus  lac- 
tose gelatin. 


1,500,000 


700,000 
L.A.   170,000 

25,000,000..  ^j^nj„ 
L.A.  2,000,000  '/  «»«»»«» 


{l.a.  '"-SSlgS  }  '."o.«» 

L.A.S:i!S;aS)».«».ooo 


1,000,000 

172,000.000 

L.A.  10,000,000 


I 


6,500,000 

L.A.   500,000 

63,000,000 

L.  A.  26,000,000 


18,000,000 
L.A.  1,000,000 
500,000,000 
L.A.  4,000,000 


200,000 


]  40,000,000 

tL.A.    1,200,000 
f  4,000,000 

tL.A.  105,000,000 

6,700.000 
LL.A.        600,000 
68,000,000 
tL.A.  17,000,000 

8,700,000 
L.A.        900,000 
104.000,000 
L.A.  11,000,000 

7,100,000 
86,000,000 
IL.A.  14,000.000 
141,000,000 
iL.A.  13,000,000 

900,000 
lL.A.        600,000 

21,000,000 
lL.A.    3,000,000 

61,000.000 
[L.A.  24,000,000 


620,000 
IL.A.   140,000 
«wja»  y     5,600.000 
*"'""  \L.A.  2,100,000 


140  000  {  1.800,000 

140,000  |L.  A.   230,000 


4,000,000 
50,000,000 


2,400,000 
74,000,000 


}  0,200,000 
I  1,000.000 


! 


1,600,000 
0 


}  1,200,000 
I  16,000,000 

[  1,200,000 
}  8,000,000 

2,000,000 
}  67,000,000 

} 

I  2,100,000 
I  47,000,000 
}342,000.000 


940,000 
10.000,000 


}       880,000 


Remarks. 


/Raw  milk  fkom  ttoras, 
\    Nos.284to2B3. 


Coidled. 


Partly  oordlel. 


Sour. 


Soar. 


Curdled. 


Slightly  sour. 


Old 


Curdled. 


Raw  milk  Ihmi  dairy 
E,  Nos.  294-299. 


Curdled;  gas. 


Curdled. 


•  Gelatin. 
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Table  VII. — Raw  and  paiUurused  milk  at  Boston  ^  Mass, — ExaminaHon  of  summer 

mxlh  held  at  W  C.  (60''  1^.)— Continued. 

RA.W  KILK-Continned. 


Sample 
No. 

Age  Of 

mlllr 

In 

days. 

Add- 
Ityln 
per. 
cent' 
age  of 
lactic 
add. 

Total  bacte- 
ria perco.on 
litmus  lac- 
tose agar. 

Peptonlx^ 
Ing  bacte- 
ria per  c.c 
on  Jitmiis 
lactose 
gelatin. 

Lactio-add  bac- 
teria per  c.  0.  on 
litmus  lactose 
gelatin. 

Alkali  form- 
ers and  Inert 
bacteria  on 
litmus  lac- 
tose gelatin. 

Remarks. 

0 

1 
(       2 

0 

1 
2 

0 

1 

2 
3 

0 

1 

2 

3 

f       0 

1 
2 

I       n 

0.17 
.18 
.30 

.15 

.18 
.57 

.15 
.23 

18.200.000 

Gelatin  Uqoefled. 

297 

220,000,000 

70,000,000 

5,000,000 

160,000,000 

Slightly  sour. 

206 

4,400,000 

125,000,000 
1,100,000,000 

7,700,000 
268.000,000 

460,000 
0 

/           1,100,000 
\L.A.         40.UOO 
/           50,000,000 
\L.A.  10,000,000 

1,800,000 
-  20,000,000 

rOelaUn  liquefied;  milk 
\   sour. 

1 
200 

100.000 

600,000 
[         120,000,000 

5,000,000 
80,000,000 

.64 
.15 

1 

Curdled;  gas. 

20,200,000 

'■--- 

fOelatln  liquefled;  raw 

.  f**        A                    11..         va 

300 

milk  ftom  dairy  F. 

.43 
.00 

.16 
.20 
.76 

.16 

.67 

.20 
.54 
.04 

.18 
.66 

.18 
.27 

304,000,000 

Nos.  300  to  306. 
Gelatin  liquefied. 
Curdled. 

, 

15,000,000 
136,000,000 

Gelatin  liquefied. 

301 

Sour  gas;  slightly  pu- 
trid taste. 

Gelatin  liquefied. 
Sour  sas. 

76,800,000 

302^       i 
0 

43,100,000 
300,000,000 

Gelathi  liquefled. 

00. 

303           1 

2 

Curdled. 

a 

20i{       « 

133,000,000 

*  * 

Gelatin  liquefled. 
Sour. 

«.'(       ? 

1,100,000 
193,000.000 

Gelathi  liquefled. 
Do. 

i 

^          1 

RAW  AND  PASTEURIZED  MILK. 


»ad6 


*307 


*3Q9 


1 

2 

3 


1 
3 
3 


1 
2 

0 
1 
2 
3 


ai5 

.10 
.30 
.43 

.25' 

.15 

.27 
.43 

.16 

.19 
.64 

.15 
.16 


1,760,000 

3,300,000 
75,000,000 


220,000 

400,000 
3,000,000 


[{l. 


660,000 


4,400,000 

34,000.000 

A.   1,000,000 


} 


330,000 

1.000,000 
50,000,000 


Prom  dairy  B.  pasteni^ 
ised  *' flash'*  process, 
OO'-flS.O"  C.  (140»-160* 
F.),  samples  Nos.  306- 
323,  indosiye. 

Slightly  soar. 
Sour. 


1^450,000 ; 

0,900,000  ' 
328f000.000  ,4,000,000 


^^'«»  {l.  a. 

100,000 


900,000  \ 
100,000  f 
8,000,000 
45,000,000 


14,500.000        500.000  j{l,  A.   lioOoioOO 
25,000.000     6,000,000  {l.  A.  ^loOoioOO 


6,300,000 
106,000.000 


100,000 
3,000.000 


.45      856,000,000 

Uquid  In  l,000,dtX)  diluUons. 


3,000,000 
3,000,000 


300,000 

1,000,000 
240,000,000 


}    3,000,000 
}  20,000,000 


1,700,000 
32,000,000 


Slightly  soar. 


b  Pasteurized. 


Sour. 


Slightly  sour. 
£Kaw. 
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Table  VII. — Raw  and  poiteurized  milk  at  Boston,  Mau. -^Examination  of  nurnner 

milk  held  at  W  C.  (50''  2^.)--Continued. 

RAW  AND  PASTEURIZED  MU/K-Continued. 


Sample 
No. 

Age  of 

milk 

in 

days. 

Acid- 
ity in 
per- 
cent- 
age  of 
lactic 
acid. 

Total  bacte- 
ria per  c.  con 
litmus  lac- 
tose agar. 

Peptoniz- 
ing bacte- 
ria per  o.c. 
on  litmus 
lactose 
gelatin. 

Laotio«eid  bac- 
teria per  0.  c.  on 
litmus  lactose 
gelatin. 

'  Alkali  fonn- 

.ersandtawrt 
bacCerlaon              Renurti. 
litmus  lac- 
tose gelatin. 

11 

(       ^ 
1 
2 

0.15 

1,210,000 

OelaUn  UqueOed. 

a  310 

1 

.26 
.82 

.15 

205,000,000 

:::::::::::::::::::::::::::::.::::::::::::: 

Soar. 

»311 

23,600,000 

700,000 

r            5,800,000 
\L.  A.    1,300,000 

[    7,400,000 

.42 

.78 

.15 
.19 
.74 

.15 
.25 
.64 

.15 
.33 
.72 

.24 

.74 

.15 

.22 

1.02 

.18 
.54 
.90 

.15 
.20 
.65^ 

.18 
.38 
.59 

.15 
.36 

.18 
.90 

.15 

.18 

292,000,000 

1 

Slightly  sour. 
Cuidled. 

0 

215,000 

0312           1 

91,000,000 



2 

Sour. 

0 

1 

t        2 

0 
1 
2 

8,900,000 
139,000,000 

...   . 

ft  313 

j 

Do. 

16,900,000 
42,000.000 

a  314 

Do. 

f        0 

48.000.000 

1,400,000 

. 

*315   <        2 
.{       0 

Do. 

4,095,000 
151,000,000 

0  316  ^        1 

t 

1       2 
r      n 

1 

12,600,000 
280.000,000 

' 

*317  <!       i 

• 

SHghtly  sour. 
Curdled. 

- 

l|        2 

1 

f      0 

1 

2 

1,940.000 
130,000,000 

1 
1 

<s318 

1                                                                                            ^- 

Soar. 

1 

V      -    ^ 

f       0 

32,000.000 
60,000,000 

^ 

« 

^1^ 

1 
(      n 

1 

Do.-          .       

1 

4,100,000 
361,000,000 

79,000,000 

•  320  <        J 

- 

1                                i 

321 

1     i 

0 
0 

. 

Curdled. 

a322 

31,200,000 
111,000.000 

1 

_^ 

^323 

* 

•                                     ^  ,       " 

• 

a  Pasteurized. 


bRaw. 


In  the  above  table  of  raw  and  pasteurized  milk  from  dairy  Bthe  samples  of  milk  were  taken  from  the 
dairy  at  the  same  time  they  would  have  been  delivered  to  the  public,  and  when  first  examined  were  24 
hours  old.  When  two  samples  such  as  pasteurized  307  and  raw  306  are  placed  together,  it  abaWB  that 
the  samples  were  taken  the  same  day.  before  and  after  pasteurization  at  toe  dairy  and  then  atkiwed  to 
remain  m  thcdairy  refrigerator  until  the  next  day  in  order  to  duplicate  commercial  oonditiona. 
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Table  YlII.^Raw  and  pasteurized  milk  at  Boston,  Mass. — Total  bactoial  coutUs  and 

group  percentages— Milk  held  at  W  C.  {50^  F.). 


PASTEURIZED  MILK-DAIRY  B. 


* 

Sample 
No. 

milk 

In 
days. 

Total 

bacteria 

per  c.  c.  on 

litmus 

lactose 

gelatin. 

pS^ 

cent- 
age  of 

bac- 
teria. 

Per- 
cent- 
age of 
lactic- 
acid 
bac- 
teria. 

Per- 
cent- 
age of 
alkali 

or 
inert 

bac- 
teria. 

Sample 
No. 

milk 

in 
days. 

Total 

bacteria 

per  c.  c.  on 

litmus 

lactose 

gelatin. 

Per- 
cent- 
age of 
pepton- 
ising 

bac- 
teria. 

Per- 
cent^ 
age  of 
laoUo- 
acid 
bao- 
teria. 

Per- 
oent- 
aMof 
alkali 

or 
inert 
bac- 
teria. 

45 

{  ? 

36,400 

13.46 

61.63 

24.90 

57 

{  ? 

220,000 

4.64 

81.81 

13.63 

142,000 

8.45 

61.26 

30.28 

7,800,000 

6.41 

60.21^ 

33.33 

47 

0 

28,300 

16.96 

53.71 

20.32 

50 

{  ? 

539,000 

8.60 

78.26 

13.23 

7,820,000 

4.21 

90.02 

6.75 

40 

{  s 

40,700 

8.35 

82.55 

0.00 

260,000 

11.53 

50.00 

38.46 

61 

{  ? 

214,000 

32.n 

43.92 

23.36 

, 

3,500,000 

22.85 

51.42 

25.71 

51 

( ? 

205.000 

3.414 

62.43 

34.14 

f 

2,100,000 

4.76 

66.66 

28.57 

63 

{  ? 

204,000 

18.62 

34.31 

47.05 

950,000 

3ft.  84 

21.05 

42.10 

53 

0 

124,000 

4.83 

70.06 

24.10 

55 

\  ? 

117,000 

10.25 

55.55 

34.18 

280,000 

53.57 

21.42 

25.00 

• 

. 

PASTEURIZED  MILK-DAIRY  A. 


67  / 

{■ 

73  !{ 

{ 
( 
{ 


75 

77 

7» 

81 
88 
85 


0 
1 

0 
1 

0 

1 

0 

1 

b 
1 

0 

1 

0 

1 

0 
0 
0 


116,000 
18,700,000 

45,300 
790,000 

48,700 
430,000 

34,700 
1,970,000 

175,000 
1,140,000 

56,200 
1,400,000 

43,600 
30,000 

41,000 

24,000 

0,000 


5.17 
7.48 

02.24 
58.82 

2.58 
33.68 

5.06 
11.30 

5.73 
1.26 

88.30 
87.34 

6.16 
23.25 

60.81 
58.13 

24.02 
18.60 

2. 88 
6.00 

52.73 

44.38 
03.00 

8.57 
8.77 

82.85 
57.80 

8.57 
33.33 

4.08 
7.14 

6.04 

88.06 
02.85 

1.37 

75.68 
100.00 

22.03 

87.80 

12.10 

4.16 

9L66 

4.16 

66.66 

33.33 

80 


123 


125 


120 


131 


133 


0 
1 
2 
3 
4 

0 
1 
2 
3 

0 
1 
2 

0 
1 
2 

0 
1 
2 
3 

0 
1 
2 
3 


132,000 


26,100,000 
300,000,000 


4,400,000 


30,700,000 
97,000,000 

0,000 

2,400,000 

35,000,000 

35,000 
2,400,000 


77,000,000 
12,000 


14,400,000 
54,000,000 


15.90 


10.34 
2.00 


77.27 


1.51 
9.27 

22.22 

39.16 

2.85 

22.65 
8.38 


7.79 
12.60 


9.72 
9.25 


34.09 


13.02 
76.66 


22.72 


73.55 
75.25 


28.57 
2.85 


28.57 
4.16 


1.38 
20.62 


50.00 


76.62 
21.33 


24.03 
15.46 

77.77 
70.83 
68.57 

74.28 
01.66 


63.63 
83.33 


88.88 
61.11  I 
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Table  YIII. — Raw  and  pasteurized  milk  at  Boston,  Mass. — Toted  bacterial  counts  and 
ffroup  percentage*— Milk  held  at  10^  C,  (50"*  F.)— Continued. 

PASTEURIZED  MILK— DAIRY  C. 


Sample 
No. 

If 

milk 

in 
days. 

{  ? 
(  ? 

0 
1 
2 

{  ? 

0 
0 

1 

2 

0 

1 

1      2 

0 
1 
2 

Total 

bacteria 

per  a  COD 

litmus 

lactose 

gelatin. 

Per- 
cent- 
age of 
pepton- 
Mring 
bac- 
teria. 

Per- 
cent- 
age of 
lacUc- 
add 
bac- 
teria. 

Per- 
cent^ 
an  of 
aikAli 

or 
Inert 

bac- 
teria. 

.Sample 
No. 

^,f 

milk 

in 
days. 

Total 

bacteria 

per  c.  coo 

litmus 

lactose 

gelatin. 

Per- 
cent^ 
age  of 

bac- 
teria. 

Per- 
cent- 
age of 
lactic- 
acid 
bac- 
teria. 

Per- 
oent- 
anof 
tSaU 

or 
Inert 

bac- 
teria. 

83 
95 

07 

09 
101 

103 
105 
107 

3,300,000 
10,600,000 

6,800,000 
190,000,000 

24.24 
18.86 

29.31 
6.26 

75.75 
9.43 

1.72 
84.21 

• 

ii'd' 

68.96 
10.62 

109 

111 

113 

115 

117 

119 
121 

0 

1 

I     2 

0 

1 

I     2 

0 

1 

I     2 

1 
I     2 

0 

1 

I     2 

0 

1 

I     2 

{  ? 

1,460,000 

231,000,000 

66,000,000 

7,000,000 
26,200,000 
89,000,000 

1,760,000 

8,800,000 

92,000,000 

2,640,000 
10,600,000 
76,000,000 

400,000 

32,000,000 

214,000,000 

1,140,000 

6,000,000 

65,000,000 

1,410,000 
11,200,000 

14.48 
3.03 
3.67 

42.86 
8.01 
2.24 

8.67 

11.36 

1.08 

1.61 
1.90 
3.94 

2.60 
9.37 
1.40 

1.76 

16.66 

1.63 

21.96 
8.03 

4.13 
10.38 
83.92 

14.28 
44.27 
77.52 

34.28 
71.60 

n.i7 

96.48 
70.04 
84.21 

86.0 

68.12 

26.63 

92.06 
83.33 
86.16 

34.04 
20.53 

81.87 
86.68 

12.60 

42.86 
47.70 
20.23 

67.14 
17.04 
21.73 

io-oi' 

11.84 

12.6 

87.60 

71.06 

6.26 

43.97 
n.42 

22,400,000 
186,000,000 

4.01 
6.37 

90.62 
89.24 

5.36 
6.37 

ii,  300, 666 

880,000 

1.76 
11.36 

83.18 
47.72 

16.04 
40.99 

86,000,000 
206,000,000 

0.30 
3.36 

62.32 
87.01 

38.38 
9.61 

32,000,000 
270,000,000 

1,100,000 
27,200,000 
64,000,000 

0.37 
7.40 

18.18 
2.20 
1.56 

46.87 
92.80 

63.63 
86.29 
93.75 

43.75 

18.18 

12.50 

4.68 

RAW  MILK-DAIRY  O. 


147 

0 

1 
2 

f     0 

140 

1 
2 

I     3 

- 

f     0 

161 

i 

I     3 

f     0 

168 

1 

? 

3 

166 

0 
1 
2 

157 

{  ? 

150 

0 

1 
2 

161 

0 

1 
2 

163 

{  ? 

r    0 

167 

1 

?, 

I     3 

2,020,000 
58,000,000 

71100 

118,000 

4,600,000 

27,000,000 

24,400 

2,100,000 

0,200,000 

48,000,000 

261,000 

3,600.000 

30.000,000 

205,000,000 

400,000 

8,000,000 

45,000,000 

181,000 
10,200,000 


31,300,000 
166,000,000 


30,900,000 
205,000,000 


146,000,000 


58,630,000 
265,000,000 
660,000,000 


4.10 
5.66 

36.61 
4L53 
56.62 
25.02 

8.60 
4.76 
7.60 
6.26 

.38 
2.86 
3.33 
2.02 

8.16 
22.50 
20.00 

L65 
L96 


1.59 
1.89 


3.23 
1.60 


3.44 


.73 
3.77 


37.73 

12.67 
4.23 


18.61 

18.03 
66.66 
22.82 
62.06 

07.70 
80.00 
60.00 
80.48 

81.63 
31.25 
53.33 

94.47 
03.13 


85.62 
85.44 


85.11 
30.50 


68.96 


69.03 
79.24 
92.42 


05.89 
66.60 

60.70 
54.23 
43.47 
65.65 

73.36 
28.57 
60. 56 
41.66 

1.91 
17.14 
36.66 
16.66 

10.20 
46.25 
26.66 

3.86 
4.90 


12.77 
12.65 


11.65 
67.70 


27.58 


29.33 

16.98 

7.57 


109 

170 

171 

173 
175 

177 
179 

181 

183 

185 


{ 


0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 

0 
1 
2 

0 
1 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 

0 

1 


I 


313,000,000 
810,000,000 

39,000 

3,900,000 

27,200,000 

201,000,000 


4,390,000 
37,700,000 

120,000 

1.800,000 

45,600,000 

130.000 
2,000,000 

1,110,000 


L50 
1.23 

76.02 

23.07 

0.66 

1.00 


165,000.000 
330,000,000 


150,000,000 
360,000,000 

310,000 

25,200,000 

185,000,000 

320,000,000 


35,600,000 
1336,000,000 

128,000 
18,000,000 


6.83 
4.60 

60.00 

13.88 

8.73 

23.07 
16.00 

4.60 


L21 
24.24 


13.33 
6.27 

6.45 
4.76 
2.70 
1.56 


4.21 
.60 

3.12 
3.88 


86.26 
06.06 

28.07 
3a  76 
37.18 
83.06 


16.94 
40.06 

26.00 
32.77 
62.10 

38.46 
41.00 

20.72 


20.60 
60.60 


40.00 
60.72 

7a  06 
70.36 
3a  21 
85.04 


7L06 
01.00 

87.60 
GO.  44 


12.14 
8.7 


46.16 
63.80 
14.08 


77.21 
65.48 

25.00 
68.38 
34.06 

38.46 
44.00 

74.77 


78.18 
1&15 


4a  66 
2a  00 

22.58 
ia87 
61.08 
12.60 


24.71 
7.43 

0.^ 
2a  66 
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Table  IX. — Raw  and  pasteurized  milk  at  Boston,  Mass, — Total  bacterial  counts  and 

group  percentages— Milk  held  at  tl""  C.  (70*»  F.). 


PASTEURIZED  MILK-DAIRY  B. 


Sample 
No. 

milk 

in 
days. 

{  ? 

46 

48 

{  ? 

50 

{  ? 

52 

0 

54 

{ ? 

50 

{ ? 

Total 

Incterla 

per  c.c.  on 

litmus 

lactose 

gelatin. 


24,900 
44.000,000 

16,000 
240,000,000 

45.000 
228.000,000 

201.000 

119.000 
430,000,000 

59.000 
424,000.000 


Per- 
cent- 
age of 
pepton- 
izing 
bac- 
teria. 


16.06 
10.9 

28.75 
2.91 

6.66 
8.50 

11.44 

7.56 
6.97 

6.77 
2.12 


Per- 
cent- 
age of 
lactic- 
acid 
bac- 
teria. 


61.84 
71.13 

8.75 
83.33 

71.11 
92.54 

58.70 

£0.42 
65.11 

79.66 
93.39 


Per-  I 
cent-  ; 
age  of 
alkali 

Inert  - 
bac- 
teria. 


22.08 
17.95 

62.5 
13.75 

22.22 
3.94 

29.85 

•42.01 
27.9 

13.55 
4.48 


Sample 
No. 


{ 
{ 
{ 


60 


62 


J 


A| 

01 

milk 

in 
days. 


Total 

bacteria 

per  c.c.  on 

litmus 

lactose 

gelatin. 


0  136.000 

1  ;540, 000,000 


0 
1 

0 
1 


757,000 
395,000,000 

155.000 
230.000,000 


0  I        190.000 

1  400,000,000 


Per- 
cent^ 
age  of 
pepton- 
Iting 
bac- 
teria. 


13.97 
.37 

1.585 
.253 

12.25 
5.21 

2.631 
1.00 


Per- 
cent- 
age of 
lactic- 
acid 
bac- 
teria. 


81.61 
99.62 

92.47 
70.12 

61.93 


Per- 
cent- 
age of 
alkali 

or 
inert 

bac- 
teria. 


4.41 


5.94 
29.62 

25.8 


40.43  ,  54.34 


83.68 
75.00 


I 


13.68 
24.00 


PASTEURIZED  MILK-DAIRY  A. 


66 

0 

76 

{ 

0 

212.000 

10.84 
1.67 

83.01 
83.61 

6.13 
14.71 

78,000,000 

14.10 

43.58 

42.30 

1  ,299,000,000 

68 

48.000 
263,000,000 

16.66 
7.90 

83.33 
80.63 

ii.'ie" 

78 

{ 

0 

1 

65.900 
35,000,000 

2.12 
5.71 

5.31 
40.00 

92.56 
54.28 

70 

80 

{ 

0             52.000 

1.92 
2.67 

09.23 

28.  A4 

151,666,666 

5.29 

72.84 

21.75 

1 

11,200.000 

72.32     25.00 

72 

50.200 
28,000,000 

3.96 
17.85 

57.76 
67.85 

38.24 
14.28 

82 

{ 

0 

1 

38,100 
40,000,000 

26.00 
25.00 

34.12 
fi0.00 

65.61 
25.00 

74 

0 

81.600 
41,000,000 

7.59 
3L70 

63.29 
26.82 

29.11 
4L46 

88 

0 

83,100 

.12 

99.87 

PASTEURIZED  MILK— DAIRY  C. 


3,300.000 
204,000,000 

24.24 
4.41 

75.75 
49  01 

"46.'56" 

102 
122 

0 

{  ? 

8,250,000 

3.03 

36.36 

60.60 

3,640.000 
993,000,000 

1.63 
.30 

96.15 
93.65 

2.19 
6.04 

870.000 

8.04 

80.45 

11.49 

4.200.000 

2.38 

61.90 

35.71 

77,000,000 

9.09 

67.53 

23.37 

RAW  MILK— DAIRY  G. 


142 


160 


{  ? 


1544,000,000 

5,800 
105,000,000 


.65 

29.31 
4.76 


96.71 


152 


,73 


24.13     46.56 
76.19     19.04 


83,500        4.91 


9L97 


3  11 


54636*»— Bull.  126-10- 


BACTEBIOLOOT  OF  FASTEITSIZED  AND  BAW  UILK. 


PASTEURIZED  KILE-DAIRY  A 


B^ple 

*<r 

ToUl 

bM:l«rte 

¥tr- 

Per. 

; 

dart 

gtUtlD. 

una. 

I 

r    n 

4W.B00 

1.23 

, 

J.  73 

M.tl 

If     0 

316,000  000 

.«3 

09.30 

m 

1      0 

44.000. goo 

40.81      4 

X!i 

77,000,000 

e.w 

•■- 

1 

1  . 

5.000,000 

40.00 

2S4 

Z.S70,000 

7.78 

33. 8S 

1        jj     uXOtM 

18.75 

286 

Z86 

m 

in 

»8 

r    n 

SOI 
43 

ODO 

100 

non 

-U 

w.so 

-IS 
3.46 

3W 

3.400 

IWI 

•» ; ! 

2» 

>»(  ! 
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Table  XI. — Raw  and  ycuUewrized  mUk  in  New  York  City,  examined  February  and 
March,  1909 — Daily  acidity,  total  bacterial  counts,  and  group  percentages — Milk  held  at 
W  a  {50''  F.). 

PASTEURIZED  ICILK. 


Sampto 
No. 


201 


aos 


Age  of 
mUk 

In 
days. 


205 


307 


«20B 


211 


0 
1 
2 
3 

4 


6 
7 
8 
9 

0 
1 
2 
3 

4 

5 

6 

7 

8 

0 
1 
2 
3 

4 
5 

6 

7 
8 

0 
1 
2 
3 
4 


6 
7 

0 
1 
2 

3 

4 
5 

8 

7 
8 

0 
1 


3 
4 

6 


Acid- 
ity in 
per- 
cent- 
age of 
lactic 
acid. 


0.21 
.22 
.21 
.21 


.22 


.63 

.74 
.81 

.20 
.20 
.18 


.21 


.41 

.62 

.66 

.19 
.18 


.20 


.18 

.23 

.31 
.56 

.18 

'is 


.19 

.21 

.24 
.39 


.19 


.19 

.22 

.20 

.39 

.63 
.83 

.21 


.27 

.27 
.24 

.33 

.60 


Total  bac- 
teria ptfc.c. 

on  litmus 
lactose  agar. 


•  11,200 

042,000 

a  900. 000 

•  7,900,000 


•  47,100,000 


•  457.000,000 

•  575,000,000 


•  10,000 

•  50.000 
•  4,000,000 


Peptonis- 
ing  bac- 
teria per 
c.  c.  on 
litmos 
lactose 
gelatin. 


600 

1.000 

50.000 

7,600,000 


2,000,000 


15,000,000 
2,000,000 


21,000,000 


•  403,000,000 

•  331,000,000 


•  29,800 

•  59,000 


•  1,300,000 

"•26,'866,'666 

•  09,000,000 
•  206.000,000 


8,300 


1,330,000 

"i8*666,666 

87,000,000 
360,000,000 


8,000 


3,000,000 

24.000,000 
88,000,000 

360,000,000 


7,900 

2,080,000 

14,500,000 
63,000,000 

380,000,000 


900.000 


Lactio-acid  bac- 
teria per  c.  con 
litmus  lactose 
gelatin. 


L.  A.  »6,400 

1,000 

20,000 

0 


{ 


31,500,000 
L.  A.  2,000,000 


400,000.000 
540,000,000 


1,000 


d 3, 100, 000 


Alkali  form- 
ers and  inert 
bacteria  per 
c.  c.  on  lit- 
mus lactose 
gelatin. 


Remarks. 


^4,200 

40,000 

830.000 

«6, 300, 000 


} 


11.600,000 


From  dairy  H,  Nos. 
201-221,  inclusive, 
pasteurised  "holder'* 
process,  60*-66.6*  C. 
(14O»-150»  F.). 


42,000,000 
32,000,000 


9,D00 
50,000 


1,100,000  {l^  A  J;  gjg;ggg}  9,900,000 


3  000  000  7    250,000,000 
3,ww,ouu  \L. A.  100,000,000 

2  000  000  i    176,000,000 
2,000,000  \L.  A.  87,000,000 


600 
1,000 


100,000 


900,000 
6,000,000 
4,000,000 


50,000,000 
66,000,000 


Sour  and  gas. 


Dilution  too  high. 


3,000 
5,000 


200,000 


6.000,000 

/  19.000,000 

\1j.  a.   9,000.000 

153,000,000 


26,200 
53,000 


1,000,000 


200 


14,000 


1,300,000 


1,000 


25,000 


3,000,000 

7,000,000  I  L.  A.  SIOOOIOOO 
2,000,000  133,000,000 


900 


170,000 

1,000,000 
4,000,000 

8,000,000 


1,000 


270,000 

1,000,000 
3,000,000 

3,000,000 


1,200 


20,000 
L.  A.  100,000 
900,000 
22,000,000 
156,000,000 
L.  A.  30,000,000 


11,000 


{ 


20,000 

L.  A.  70,000 

400,000 

26,000,000 

/         170,000.000 

\L.  A.  30,000,000 


} 


1,990,000 
35,000,000 
49,000,000 


/Slight    cheesy    flavor; 
\   would  not  be  used. 

Gas. 


Slight  cheesy  flavor. 


8,600 


270,000 


} 


9,800,000 
26,000,000 
54,000,000 


7,100  I 


3,000,000 

17.700,000 
38,000,000 

81,000,000 


9,000 


I    1,700,000 

14,500.000 
31,000,000 

I  fifl.OOO.OOO 


Sour. 


Sour  and  cheesy. 


A 
& 

e 


Gelatin. 
Or  add. 
Probably  some  acid  colonies. 


d  Or  alkali. 

«  Sample  held  in  hotel  refrigerator. 
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BAGTEBIOLOQT  OF  PASTEURIZED  AND  RAW  MILK. 


Table  XI. — Raw  and  j^teurized  milk  in  New  York  City,  examined  February  and 
Marchy  1909 — Daily  acidity,  total  bacterial  eounti,  and  group  pereentagei — Milk  held  at 
10''  C.  (50°  F.)— Continued. 

PASTEURIZED  MILK-Contlnued. 


Sample 
No. 


213 


215 


217 


219 


221 


Age  of 
milk 

in 
days. 


225 


227 


229 


0 
1 
2 
3 


5 
6 
7 
8 

0 
1 
2 
3 

4 

5 
6 
7 

0 
1 


4 

5 
6 

0 
1 
2 
3' 

4 
5 

0 
1 
2 
3 

4 


0 
1 

2 

3 


5 
6 

7 
8 

0 
1 
2 
3 


0 
1 
2 
3 

4 


Acid- 
ity In 
per- 
cent- 
age of 
lactic 
acid. 


0.19 
.19 
.18 
.19 

.24 

.37 


1.06 

.18 
.20 
.18 

.20 

.34 


1.06 

.19 
.19 

.19 
.21 


.95 

.19 
.19 
.20 


Total  bac- 
teria per  c.c. 

on  fltmus 
lactose  agar. 


55,300 

14,000 

120,000 

» 14,000,000 

220,000,000 


Peptonls- 
Ing  bac- 
teria per 
0.  c.  on 
litmus 
lactose 
gelatin. 


Lactic-acid  bac- 
teria per  c.  c.  on 
litmus  lactose 
gelatin. 


53,000 

0 

10,000 

4,000,000 

1,000,000 


3,000 
14,000 


Alkali  form- 
ers and  inert 
bacteria  per 
c.  c.  on  lit- 
mus lactose 
gelatin. 


70,000 
3.000 


a 200, 000 
3.000,000        7,000,000 

f       170,000,000  I  ift  «w)  am 

\L.  A.  26,000,000  f  *0'«W.«W 


12,800 

24,000 

4,000,000 

39,300,000 


6,900 
6,000 

12,300,000 
205,000,000 


13,700 

54,000 

1,780,000 


71 

19 
19 


.50 


.18 
.18 

.18 

.24 

.27 


18.850 
845,000 


465,000 
490,000 

1,160,000 

22,600,000 

129,000,000 


.72 
.81 
.  99 

.20 
.21 
.20 
.27 


1,140,000,000 


7,400 

31,000 

4,910,000 


.20 
.20 
.20 


15.000 

160,000 

14,000,000 


,50  ). 


1,000 

22,000 

800,000 


11,000 
3,000 
400,000 


6,000 

15,000 

1,500,000 


*'«»'«»  {l.A.'6;oS;oOo}  »'«»'«» 


400 
4,000 

1,000,000 
1,000,000 


L.  A.  1.500 
2,000 
400.000 
L.  A.  500,000 
115,000.000 
[L.  A.  30,000,000 


4,000 
8,000 

12,000,000 
17,000,000 


300 

14,000 

100,000 


300 
110,000 


1,000 
0 

300,000 

4,000,000 

4,000,000 


900 

A.  3.000 

600,000 


10.600 
10,000 


{ 


340,000 

370.000 

700,000 

L.  A.  100.000 

4,000,000 

60,000,000 
L.  A.  4,000,000 


1,300 

10,000 

700,000 


800 

6,000 

3,000.000 


830,000,000 


2,100 

18,000 

500,000 


1,100 

105.000 

2,000.000 


12,900 

70,000 

1,000,000 


15,700 
1,060,000 


} 


190,000 
70,000 

500,000 

16,000,000 


I  37,000,000 


50,000,000 


18,100 

40,000 

1,100,000 


15,000 

9,000 

10,000,000 


RtmarkB. 


0  in  1,000  dilutkms. 


Coagulated. 


Do. 


Do. 


Sour. 


Slightly  sour. 

No.  225-235,  inclusive, 
from  dalxv  K,  pas- 
teurised *'  flash  "  proo- 

.    ess, 71.1* C. (160*F.). 

Old  taste,  probably; 
would  not  be  used. 


Sour. 

Do. 
Smooth  curd. 


Old  taste;  would  not  be 
used. 


Sour. 


o  Acid  or  alkali. 


^  Qelatin. 
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Table  XI.— Raw  and  jfatteurited  milk  in  New  York  City^  examined  February  and 
Marchy  1909— Doth  acidity ^  total  bacterial  counter  and  group  percentagee — MUk  held  at 
10"^  C.  (50''  J".)— Continued. 


PASTEUBIZED  IflLK-Contlnued. 


8«mple 
No. 

Age  of 
milk 

In 
days. 

Acid- 
ity in 

cent- 
age  of 
lactic 
acid. 

Total  bac- 
teria per  c.c. 

on  litmus 
lactose  agar. 

Peptonic- 
ins  bac- 
teria per 
c.  c.  on 
litmus 
lactoee 
gelatin. 

Lac  tio^cid  bac- 
teria per  c.c.  on 
litmus  lactose 
geUtin. 

1 

AlkaU  form- 

ers  and  inert 

bacterlaper 

c.  c.  on  Ot- 

mus  lactose 

gelatin. 

Remarks. 

0 

1 
2 

8 

4 

5 
0 

0 

1 
2 

3 

4 

I       5 

f       0 
1 
2 
3 

4 
5 

0 

1 
2 
3 

4 

5 

I       « 

f       0 
1 
2 
3 
4 
5 
6 
7 
8 

0 

1 
2 
3 

4 
5 

f       0 
1 
2 

3 

4 

0 

1 
2 

I 

5 
6 

0.10 
.19 

18»000 
140,000 

600 

(                 6,600 
\           L.  A.  200 

}        18,000 

Gelatin;  liquefied. 

::::::::::::::::::::::::::::::: 

281 

.24 

.37 
.76 
.87 

.20 
.19 

177,000,000 

1,000,000 

/           81.000,000 
\  L.  A.  4,000,000 

}  34,000,000 

/Old  taste;  would  not  be 
\    used. 
Sour. 

1 

Curdled. 

15,600 
60,000 

800 

f            ^    11,200 
\            L.A.500 

}        24,200 

• 

233 

.20 

.63 
.86 

.22 

255,000,000 

1,100,000 

/         116,000.000 
\            4,000,000 

1  30,000,000 

Old  taste. 
Sour. 



Curdled  (smootb). 

14,000 

1,400 

2,800 

12,800 

236 

.21 
.20 
.37 
.81 

.21 

.19 
.19 
.26 

.35 

3,490,000 
54,000,000 

400,000 
600,000 

i66,'666 

300,000 

1,900,000 
2,400.UU) 



Curdled. 

237 

23,700 

1,600,000 
13,150,000 

300 

90,000 
200.000 

10,000 

650,000 
7,400.000 

6,200 

870.000 
2,400,000 

rXoe.  237-246,  inclusive, 
from  dairj  M,  paa- 
teuriied  "  flash  "proc- 
ess, 70»C.(158^F.). 

Old    taste   (might   be 

uaed). 
Slightly  sour. 

1                   , 

.83 

.18 
.18 
.20 
.20 

1 

230 

36,400 

15,140,000 

4,900,000 

107,000.000 

21,000 

4,000,000 

240,000 

8,000,000 

• 

3,000 

100,000 

5,300,000 

30,000,000 

1,400 

8,300,000 

300,000 

14,000,000 

.60 
.90 

1.0 

1.2 

.19 
.19 

1 

Sour. 

1 

Partly  curdled. 

17,400 
2,500,000 

900 
130,000 

2,900 
60,000 

9,600 
760,000 

Old,  cheesy;  would  not 

be  used. 
Slightly  sour. 
Sour. 

241 

.24 

.62 
.79 

.19 
.20 
.21 

.20 

.37 

.18 
.18 
.20 
.20 
.25 

167,000,000 

19,000,000 

64,000,000 

26,666,666 

243 

7.300 

470.000 

5,600,000 

81,000,000 

1,200 

10,000 

500.000 

2,000,000 

0 

L.  A.  10,000 

300,000 

1           22,000,000 

\L.  A.  2,000,000 

5.500 

140,000 

1,600,000 

1  .36.000,000 

0  in  100  dilutions. 

Old  taste. 
Slightly  sour. 

12,400 

3.800                           200 

4.000 

245 

2.700.000 
28.600.000 
62,000.000 

i 

0 

8.000.000 

11,000,000 

300.000 

14.000,000 

7.000,000 

2,766,666 

,     17,000.000 

20.000.000 

Slightly    sour;    would 
not  be  used. 

.52 

1 

1 

1 

t 
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BACTEBIOLOGY  OP  PASTEUBIZED  AND  RAW   MILK. 


Table  XI. — Raw  and  'poBtewrized  mUk  in  New  York  Cityt  examined  February  and 
March  J 1909 — Daily  aadity,  total  bacterial  counts,  and  group  percentages — MUk  hdd  at 
10"*  C.  (50''  F.)--Continued. 


CERTIFIED  RAW  MILK. 


1 

1 
1 

Sample 
No. 

• 

Age  of 
mlllr 

in 
days. 

Acid- 
ity in 
per- 
cent- 
age of 
lactic 
acid. 

Total  bac- 
teria per  c.  c. 

on  ntmus 
lactose  agar. 

Peptonis- 
Ingbao- 
tenaper 
c.  c.  on 
litmus 
lactose 
gelatin. 

Lactic-acid  bac- 
teria per  c.  c.  on 
litmus  lactoee 
gelatin. 

Alkali  form- 
ers and  inert 
bacteria  ner 
0.  c.  on  lit- 
mus lactose 
gelatin. 

Remarks. 

r     0 

1 
2 
3 
4 

5 

6 

7 

8 
9 

10 

0.18 
.18 
.18 
.18 
.18 
.IS 

loa 

200 

3,000 

13,800.000 

13,000,000 

35,000,000 

0 

0 

300 

From  dairy  H,  No.  251. 

251 

1,000 

400,000 

3,000,000 

2,400,000 

0 
0 
0 
0 

1,000 
16,700,000 
12,000,000 
22,300,000 

.23 

..^2 
.M 

.73 

77,000.000 

9,000,000 

3,000,000 

41,000,000 

Putrid  taste  and  odor; 

would  not  use. 
Strong  putrid  odor. 
Strong    putrid    odor; 

sour. 

« 

RAW  MILK. 


253 


261 


256 


," 


257 


250 


1 

2 
3 
4 
5 

6 

0 
1 


4 

5 

6 


1 
2 
3 

4 

5 

6 

7 
8 

0 
1 
2 
3 
4 
5 

6 
7 
8 
9 


1 
2 
8 


0.19 

.20 
.19 


.19 
.31 

.45 

.18 
.18 

.18 

.18 
.21 


.47 

.18 

.18 
.20 
.19 


30 
42 

57 
72 

18 
19 
18 


.18 
.18 

.18 
.31 
.53 
.64 

.18 
.18 


.18 


288,000 

3,000,000 
6,000,000 

'42,'666,'666' 


44,500 
580,000 

10,200,000 

106,000,000 
294.000,000 


101,000 

560,000 

O.jOOO.OOO 

210,000,000 


160.000,000 


7,000 

60,000 
4,000,000 


3,000,000 


{ 


125.000 

1,310.000 

L.  A.  30,000 

0 


} 


9,000,000 


{ 


1,100 
0 

1,200,000  ]{ 

7,000,000  l| 
15,000,000 


12,000 

30,000 
1,300,000 
5,000,000 


22,000,000 


261,000 

140,000 

5,400.000 


103.000,000 
121,000,000 


548,000 
4,500,000 


68,500,000 


30,000 

20,000 

2,700,000 


15.000.000 
28.000,000 


50,000 
1,300,000 


34,000 

470,000 

L.  A.  40,000 

1,200,000 

L.  A.  700.000 

36,000,000 

L.  A.  2,000.000 

63,000,000 


11,000 

30,000 

400,000 

90,000,000 


{ 


54,000,000 
L.  A.  2,000,000 


80,000 
150.000 
100,000 


7,000,000 
11,000,000 


2,000,000 


500,000 

L.  A.  10,000 

300,000 

L.  A.  400,000 


10,600,000 
L.  A.  600,000 


16,000 

40,000 
2,000,000 


3,000,000 


9,000 
120,000 

1,200,000 

17,000,000 
44,000,000 


9,000 

70.000 

3,400.000 

51,000,000 


47,000,000 


60,000 

30,000 

2,700,000 


38,000,000 
47,000,000 


}         20,000 
I    2,000,000 


}    8,700, 


000 


Raw    milk,   dairy    P, 
No8. 253  and  361. 


Old  taste. 

Slightly    sour;    would 

not  use. 
Sour,  thickened. 


Sweet. 

Sour. 

From  dairy   N.  Nos. 
265-250,  induslTe. 

Old  taste. 

Artifldal  sweet  taste. 

Slightly  sour.  o|d  taste; 

would  not  be  used. 
Sour. 
Partly  curdled. 


Slightly  old  taste. 
Nutty  flavor;  might  be 

used. 
Slightly  putrid  smell. 
Slightly  sour. 
Sour. 
Curdled,  whey. 
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Table  XI. — Raw  and  jxuteur^zed  milk  in  New  York  City,  examined  February  and 
March,  1909— Daily  aeutity,  total  bacterial  counts,  and  group  percentages— Milk  held  at 
W  C.  {50"*  J".)— Continued. 


RAW  ]IILK-€ontiniied. 


8«mple 
No. 


2fl9 


263 


a06 


287 


Age  of 
milk 

in 
days. 


4 

6 

6 
7 
8 


1 

2 

3 

4 

5 

0 
1 
2 


4 

6 
6 

7 

0 

1 

2 
3 


4 

6 


n 
1 
2 

3 
4 


Acid- 
ity in 
p&' 
cent- 
age  of 
laotio 
acid. 


0.18 

.20 

.38 
.54 
.04 

.18 

.18 
.18 
.35 


.57 

.18 
.18 
.18 

.18 

.20 
.26 


.54 

.17 

.18 

.18 
.18 


.32 


.18 
.18 
.18 


Total  bao- 
tertaperc.  c. 

on  litmus 
lactose  agar. 


.31 


149,000,000 


21,300,000 

90,000,000 
179,000,000 
318,000,000 


348.000 

1.040.000 

17,700,000 

101,000,000 

102,000,000 
312,000,000 


61,000 

500,000 

9.500.000 
80,000,000 


131,000 

1.600.000 

130,000,000 


Peptonii- 
ing  bac- 
teria i>er 
c.  0.  on 
litmus 
lactose 
gelatin. 


18,000,000 


2,800,000 

8,000,000 

17,000,000 

9,000,000 


Lactic-acid  bac- 
teria per  c.  c.  on 
litmus  lactose 
gelatin. 


55,000,000 


Alkali  form- 
ers and  Inert 
bacteria  ter 
c.  c.  on  lit- 
mus lactose 
gelatin. 


41,000,000 


13.000 

170.000 

3,600,000 

23.000,000 

25,000,000 
30,000 


500,000 

29,000.000 

L.  A.  7,000,000 

45,000.000 

L.  A.  8.000.000 

134,000,000 

L.  A.  9,000.000 


2,000 

80,000 

2,300.000 
15,000,000 


278.000 
260.000 
1.000,000 
3,000.000 
L.  A.  1,000.000 
10,000.000 
\L.  A.  10.000,000 


{ 


22,000 

100.000 

12,000,000 


17,000 

100.000 

L.  A.  60.000 

300.000 

10,000,000 


31.000 

600,000 

33,000,000 


17,800,000 

58,000,000 
89,000,000 
77,000,000 


24.000 

300.000 

2,900,000 

13,000.000 
34,000,000 


} 


21,000 

190.000 

4.500.000 
14.000.000 


14.000 

800.000 

34,000,000 


Remarks. 


Old   taste;   might    be 

used. 
SUghtlv  sour;  slightly 

putrid  taste. 
Sour. 


Nos.  263-209,  inclusiye, 
from  storps. 


/Sour;  would   not    be 
\   used. 

Sour. 


/  Old  taste;  would  not  be 
\    used. 
Old  taste. 

Sour. 


Might  be  used;  slii^htly 
off  taste;  part  of  plate 
liquefled. 

Slightly  sour;  bitter 
taste. 


Slightly    sour;    would 
not  be  used. 


Table  XII. — Raw  and  pasteurized  milk  in  New  York  City — Milk  held  at  room  tem- 
perature, 20""  C.  (68''  F.), 


PASTEURIZED  MILK. 


Sample 
No. 

Age  of 
milk 

in 
days. 

Acid- 
ity in 

cent- 
age  of 
lactic 
acid. 

Total  bac- 
teria per  c.  c. 

oniltmns 
lactose  agar. 

Peptonis- 
ingbao- 
tenaper 
c.  c.  on 
litmus 
lactose 
gelatin. 

Lactio-acid  bac- 
teria per  c.  0.  on 
litmus  lactose 
gelatin. 

Alkali  form- 
ers and  inert 
bacteria  per 
c.  c.  on  lit- 
mus lactose 
gelatin. 

Remarks. 

aoa 

0 

1 
3 
3 

0.22 

.22 
.38 
.99 

a8,600 

a2, 850, 000 
0  417,000,000 

300 

270,000 
7,000,000 

»4,100 

ft  20, 000 
210,000,000 

4,200 

2,,'W),000 
£200,000,000 

From  dairy  H,  Nos.  303- 
220,  Inclusive. 

Slightly  sour. 
Cuzdled:  smooth. 

a  Gelatin. 


ft  Or  LA 


e  Or  add. 
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Table  XII. — Raw  and  pasteurized  milk  in  New  York  City — Milk  held  at  room  temr 

peralure,  tO""  C.  (65**  F.)— Continued. 


PASTEURIZED  MILK-Continued. 


Sample 
No. 


Age  of 

milk 

In 

days. 


204 


206 


208 


212 


214 


216 


218 


220 


C224 


226 


228 


230 


0 
1 
2 
3 

0 
1 
2 
3 

0 
1 


3 
4 

0 
1 


3 

0 
1 

2 

3 

0 
1 

2 
3 

0 
1 
2 

0 
1 
2 


1 

2 

0 
1 
2 

0 
1 
2 


1 
2 


Add- 
Ityln 
per- 
cent- 
age of 
lactic 
add. 


0.21 
.21 
.68 
.97 

.10 
.18 


.08 
.18 


.53 


.09 
.21 


.60 

.84 

.19 
.19 

.30 

.86 

.19 
.19 

.26 
.92 

19 
.18 
.56 

.19 
.19 
.93 


.45 

1.01 

.18 
.19 
.81 

.20 
.20 
.80 

.20 

/*.19 
\«.24 

.86 


Total  bao- 
teriapercc. 

on  utmus 
lactoeeagar. 


020,600 
04,300,000 


032,200 
015,500,000 


0521,000,000 
5,700 


320,000,000 


780,000,000 
6,400 


430,000,000 


014,800 
1,120,000 

200,000,000 


10,200 
1,140,000 

200,000,000 


7,900 
1,000,000 


11,100 
3,450,000 


588,000,000 


370,000 
5,000,000 


10,200 
11,400,000 


8,300 
13,500,000 


PeptoniZ' 
Ing  bac- 
teria per 
c.  c.  on 
litmus 
lactose 
gelatm. 


600 
400,000 


1,200 
1,300,000 


Lactic-add  bac- 
teria per  c.  c.  on 
litmas  lactose 
gelatin. 


AlkaUform- 
ers  and  inert 
bacteria  per 
c.  c.  on  Ut- 
mus lactose 
gelatin. 


b2,000 
»600,000 


5,000 
8,700,000 


7,000,000 
200 


400,000,000 
bl,000 


6,000,000 


{ 


104,000,000 
L.  A.  23,000,000 


]•  68,000, 


1,000,000 
500 


10,000,000 


200 
140,000 

4,000,000 


300 
300,000 

3,000,000 


600 
300,000 


400 
1,500,000 


1,000,000 


3,000 
400,000 


500 
100,000 


500 
100,000 


360,000,000 
13,500 


300,000,000 


{ 


6300 
150,000 

190,000,000 
L.  A.  30, 000, 000 


{ 


3,000 
100,000 

240,000,000 
L.  A.  30, 000, 000 


b3,800 
400,000 


1,600 
bl,200,000 


570,000,000 


{ 


540,000 

2,700,000 

L.A.    1,100,000 


{ 


bl,900 

4,400,000 

L.A.       900,000 


{ 


1,100 

L.  A.  300 

5,800  000 


18,000 
3,300,000 


26,000 
5,500,000 


114,000,000 
7,500 


000 


24,000,000 
15,000 


90,000,000 


} 


14,300 
500,000 

30,000,000 


} 


4,000 
500,000 

30,000,000 


8,800 
700,000 


22,900 
13,600,000 


I    2,500,000 


28,000 
500,000 


30,500 
1,600,000 


Remarks. 


o  Gelatin. 


60rL.  A. 


c  Held  In  hotel  room. 


tf9a.  m. 


Sour. 
Cunlled. 


Curdled;    gas;    swwt- 
smelling  curd. 


fSour;   would   not   ba 
\   used. 

Curdled;  smooth. 


Low  temperature  over 

Sunday. 
Sour;   would    not   be 

used. 


Temperature    low    aft 
night. 


Curdled;  smooth. 


Temperature    low    at 
night. 


Curdled;  smooth. 


Sour. 


Sour;  smooth  curd. 

From  dairy  K;  pasteui^ 
Ized  71.1»  C.  (160* 
F.)  *' flash"  process, 
Nos.  224-236,  inclu- 
slve 

Plate  acid;  sUi^tly 
sour. 

Curdled. 

Plate  acid. 


Sour;  curdled  in  after- 
noon. 


Curdled;  gas. 


Slightly  sour. 
Sour;  curdled. 

«  3  p.  tn. 


APPENDIX. 


89 


Table  XII. — Raw  and  pasteurized  milk  in  New  York  City — MUk  held  at  room  tem- 
perature to''  C.  (es''  J''.)— Continued. 


PASTEURIZED  MILK— Continued. 


Sample 
No. 

Age  of 
milk 

in 
days. 

Add- 
Ityin 
per- 
cent- 
age of 
lactic 
add. 

Totalbac- 
terla  per  c.  c. 

on  Utmus 
lactose  agar. 

Peptoniz- 
ing bao- 
tenaper 
c.  c.  on 
litmus 
lactose 
gelatin. 

Lactic-acid  bac- 
teria per  c.  c.  on 
litmus  lactose 
gelatin. 

Alkali  form- 
ers and  inert 
bacteria  per 
c.  c.  on  lit- 
mus lactose 
gelatin. 

Remarks. 

r     0 

1 
2 

3 

0 

1 

2 

0 
1 
2 

0 

1 

2 
3 

0 

1 
2 

0 

1 
2 

0.22 

13,600 

3,000 

1,100 

11,500 

Temperature  low. 
Slightly    sour;    would 

not  be  used. 
Curdled. 

236 

.31 
.90 

.18 

/a.20 
\*.27 

.79 

.18 
.18 
.27 

.19 
.22 

288 

18,400 
87,000,000 

2,000 
300,000 

9,000 
23,600,000 

4,000 
11,200,000 

r  Dairy  M,  Nos.  238-246. 
Inclusive;  pasteur) 
ized  70^  C.   (ISS*  F.- 

,    "  flash  "  process. 

Sliehtlv    sour:    would 

not  be  used. 
Sour. 

240 

15,000 
23,400,000 

900 
400,000 

400 
600,000 

4,100 
8,600,000 

Slightly   sour;   would 
not  be  tLsed. 

(Slightly   sour   or   old 
taste;  would  not  be 
[    used. 

242 

60,900 
640,000,000 

1,100 
3,000,000 

1,800 

(           17,000,000 
L.A.    5,000,000 

4,700 
48,000,000 

1.12 
.19 

ra.ao 

.79 

.18 
.18 
.84 

1 

Curdled:  eas. 

244 

37,600 
17,000,000 

5,500 
4,900,000 

400 
400,000 

14,300 
11,500,000 

Old  taste. 

. 

Smooth  curd:  sour. 

246 

7,000 
27,400,000 

1,100 
500,000 

1 

300 
3,600,000 

2,300 
8,600,000 

Curdled:  sour. 

. 

CERTIFIED  RAW  MILK. 


252 


r    0 

0.18 

1 

.19 

2 

.18 

I       3 

.69 

500 

22,000 

55,000,000 

840,000,000 


0 

0 

14,000,000 

14,000,000 


0 

0 

3,000,000 

317,000,000 


200 

10,000 

6,000,000 

150,000,000 


From  dairy  H,  No.  252. 


Partly  coagulated. 


RAW  MILK. 


0 

ai9 

254 

1 

2 
8 
4 

f  «.20 

1  6.27 
.73 

LIO 

f       ^ 

.18 

262 

1 

.23 

I       2 

.72 

[       ^ 

.18 

256 

1 

.36 

2 

.90 

f       ^ 

.18 

258 

1 

.18 

2 

.72 

420,000 
60,000,000 


1,044,000,000 


46,800 
324,000,000 


81,000 
624,000,000 


284,000 
18,000,000 


20,000 


130,000 


50,000,000 


5,200 
0 


15,000 
9,000,000 


40,000 
3,200,000 


{. 


7  000  000  ^     17,000,000 
/,ww,uuu  ^L  A.  3,000,000 


160,000,000 


( 


18,900 

205,000,000 

L.A.  1,000,000 


iL.  A. 


19,000 

33,000,000 
7,000,000 


{ 


60,000 

4,500,000 

L.A.   500,000 


50,000 
I  13,000,000 


50,000,000 


} 


20,000 
12,000,000 


11,000 
I  60,000,000 


} 


40,000 
6,500,000 


From  dairy  P,  Nos.  254 
and  262. 

Slightly  off  taste. 

Slightly  sour. 

Not  curdled,  but  sour.  ' 

Curdled;  smooth  curd. 


Would  not  be  used. 

Curdled;  sour;  smooth 

From   dairy   N,    Nos. 
256-262. 

Would  not  be  used. 

Curdled. 

fVery     slightly     sour; 
\   mi£ht  use. 
Curdled;  gas. 


a9a.  m. 


bZp.m. 
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Table  XII. — Raw  and  patteurized  mUk  in  New  York  City — Milk  held  at  room  tern,' 

peraturey  fO°  C.  (es""  F.)— Continued. 


RAW  MILK-ConUnued. 


Sample 
No. 

Age  of 
milk 

in 
days. 

Acid- 
ity in 
per- 
cent- 
age of 
lactic 
aoid. 

Total  bac- 
teria per  c.c. 

on  litmue 
lactose  agar. 

Feptonls- 
Ing  bac- 
teria per 
c.  c.  on 
litmus 
lactose 
gelatin. 

Lactic-acid  bac- 
teria per  c.  c.  on 
litmus  lactose 
gelatin. 

Alkali  form- 
ers and  inert 
bacteria  per 
c.  c.  on  lit- 
mus lactose 
gelatin. 

Remarks. 

• 

260 
264 

{   ? 

0 
1 
0 

1 

2 

0 

1 
2 

0 

1 

2 

0.18 
.61 

.18 

.41 

.18 
1  a.  18 
\».20 

.62 

.17 
.18 

376,000 
1,300,000,000 

22,700,000 

22,000 
2,000,000 

2,700,000 

190,000 
94,000,000 

1,200,000 

28,000 
13,000,000 

13,900,000 

Part  coagulated   tem- 
perature 7£0-80*  F. 

From  stores,  Nos.  264- 

270. 
Sour:    would    not    be 

266 

280,000 
77,000,000 

7,000 
17,000,000 

205,000 
36,000,000 

58,000 
17,000,000 

used. 
Slightly  sour;  might  be 

• 

used. 

268 

46,000 
110,000,000 

2,000 
6,000,000 

6,000 
8,000,000 

10,000 
18,000,000 

Curdlel;  smooth  eoid. 

270 

.18 
.19 
.69 

125,000 
284,000,000 

34,000 
15,000,000 

30,000 
/           84,000,000 
\L.A.    3,000,000 

18,000 
\  C2, 000, 000 

Do. 

•  Oa.  m. 


6  3  p.  m. 


Table  XIII. — Raw  and  pasteurized  milk  in  New   York  City — Daily  total  bacterial 
countM  and  group  percentages— Milk  held  at  10^  C.  {50°  F.). 


PASTEURIZED  MILK-DAIRY  H. 


Sample 
No. 

vr 

milk 

in 
days. 

Total  bac- 
teria per  c. 
c.  on  litmus 
lactose  gel- 
atin. 

Per- 
centage 
of  pep- 
tonit- 
Ing  bac- 
teria. 

Per- 
centage 
of  lac- 
tic-acid 
bac- 
teria. 

Per- 
cent- 
age of 
alkali 

or 
inert 

bac- 
teria. 

Sample 
No. 

milk 

in 
days. 

Total  bac- 
teria per  c. 
c.  on  Utmus 
lactone  gel- 
atin. 

Per- 
centage 
ofpep- 
tonis- 
ing  bac- 
teria. 

Per- 
centage 
oflao- 
Uo^id 

bac- 
teria. 

Per- 
cent- 
age of 
aUnU 

or 
inert 

bac- 
teria. 

201... 

203... 

205... 

207... 
2Q0... 

f     0 

1 
2 
3 

4 

I 

7 

0 

1 
2 
3 
4 
5 
6. 
.      7 

0 
1 
2 
3 

4 
5 
6 

0 
1 
2 
3 
4 
5 
6 

0 
1 
2 

11,200 

42,000 

882,000 

7,900,000 

5.35 
2.36 
5.66 
20.2 

57.14 

2.36 

.22 

37.5 
04.7 
94.1 
97.7 

209... 

1 

211... 

213. . . 

215. . . 

217... 

219... 
221... 

f     3 
4 

5 
I     6 

f      0 
1 
2 
3 
4 
6 

f      0 

1 

2 

3 

I      4 

f      0 

1 
2 
3 

r   0 
1 

2 
I      3 

(      0 
1 
2 

{  ? 

4,290,000 

19,600,000 

64,000,000 

275,000,000 

21,000 

3.96 
5.10 
6.25 
2.90 

4.76 

27.97 

4.50 

34.37 

67.63 

62.38 

09.03 
90.30 
60.37 
20.45 

42.85 

47.166,666 

457,000,000 
575,000,000 

10,000 

50,000 

4,000,000 

4.24 

3.28 

.34 

71.12 
87.52 
93.90 

10.00 

24.63 
9.19 
5.56 

90.00 
100.00 

2,060,000 

15,900.000 

60.000,000 

268,000,000 

126.000 

17,000 

210,000 

14,000,000 

213,000,000 

18,000 

40,000 

2,700,000 

33,000,000 

5,000 

14,000 

3,100.000 

163,000,000 

14,100 

87,000 

1,700,000 

26.600 
1,170,000 

13.10 
6.28 
5.00 
1.11 

42.06 

*4.'76' 
28.57 
.46 

5.55 
55.00 
29.62 
12.12 

6.77 

28.42 

32.25 

.61 

2.12 

16.09 

5.88 

1.12 
9.40 

4.36 

2.51 

43.33 

74.62 

2.38 
82.35 
95.23 
2L42 
92.01 

61.11 

7.50 

14.81 

60.60 

25.42 
14.28 
29.03 
88.95 

6.38 

3.44 

35.29 

39.84 
.85 

82.52 
91.19 
51.66 
24.26 

55.55 
17.64 

'66.'66 
7.51 

33.33 
37.50 
56.55 

27.27 

67.79 
57.14 
38.71 
10.42 

91.48 
80.45 
58.82 

50.02 
80.74 

22.50 

77.5 

20,600,000 

5.09 

49.07 

45.83 

403,000,000 
331,000,000 

29,800 
60,000 

.74 
.60 

2.01 
1.69 

86.84 
79.40 

9  86 
8.47 

12.40 
19.90 

87.87 
89.83 

1,300,000 

26,800.000 

09.000.000 

206,000,000 

9.800 

7.60 
3.35 
8.09 
1.94 

2.04 

15.3 
22.38 
40.57 
74.27 

10.20 

76.92 
74.33 
50.72 
23.78 

87.75 

300,000 

4.53 

8.09 

87.37 

14,100.000 

53,000,000 

189,000,000 

9.21 

13.20 

1.05 

21.27 
37.73 
70.37 

69.50 
<9.05 
28.57 

9,200 

9.78 

13.04 

77.17 
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Table  XIII. — Raw  and  pasteurized  milk  in  New   York  City^Daily  total  bacterial 
counts  arid  group  percentages— Milk  held  at  10**  C.  [50^  F.) — Continued. 


PASTEURIZED  KILK—DAIRIES  K  AND  H. 


^ 

Sample 
No. 

milk 
in 

days. 

f     0 

1 

2 

225... 

3 

4 

6 

I     6 

227... 

0 

1 
2 

220... 

f      0 

1 

I     2 

0 

231... 

1 
2 

I     3 

f     0 

233... 

1 
2 

I      3 

235... 

{  ? 

Total  bac- 
teria per  c. 
c.  on  litmus 
lactose  gel- 
atin. 


631,000 

440,000 

1,600,000 

24,000,000 

114,000,000 


880,000,000 

31,500 

68,000 

2,300,000 

34,000 

120,000 

15,000,000 

25,300 


120,000,000 
36,700 


161,000,000 
17.000 


Per- 
centage 
ofpep- 
toniz- ' 
ing  bac- 
teria. 


a  18 

(«) 
18.75 

16.66 
3.50 


(») 

6.04 
14.70 
30.43 

23.52 

5.00 

20.00 

1.07 


.83 
12.17 


.72 
8.23 


Per- 
centage 
oflao- 
ti&«cid 

bac- 
teria. 


64.03 
84.00 
50.00 
16.66 
64.03 


04.31 

0.76 
26.47 
21.73 

32.35 
87.50 
13.33 

26.83 


70.83 
31.88 


70.41 
16.47 


Per- 
cent- 
age of 
alkali 

or 
inert 
bac- 
teria. 


3&78 
15.00 
31.25 
66.66 
32.45 


6.68 

84.18 
58.82 
47.82 

44.11 

7.5 

66.66 

71.14 


28.38 
66.04 


10.85 
75.20 


Sample 
No. 


235 
237. 

230. 
241. 
243. 


Age 

of 
milk 

in 
days. 


I 


245. 


2 
3 

0 
1 
2 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 
3 

0 
1 
2 
3 
4 


Total  bac- 
teria per  c. 
con  litmus 
lactose  gel- 
atin. 

Per- 
centage 
of  pep- 
tonis- 
ing  bac- 
teria. 

Per- 
centage 
of  lac- 
tifyacid 
bac- 
teria. 

Per- 
cent- 
age Of 
alkali 

or 
inert 

bac- 
teria. 

2,400,000 
3,300,000 

16,500 

1,610,000 

10,000,000 

26,400 

.12,400,000 

6,840,000 

52,000,000 

13,400 
050,000 

16.66 
18.18 

1.81 
5.50 
2.00 

82.67 

32.26 

4.10 

16.38 

6.71 
13.68 

4.16 
0.00 

60.60 
40.37 
74.00 

11.80 

.80 

0a75 

67.60 

21.64 
6.31 

70.16 
72.73 

37.52 
64.03 
24.00 

6.U 
66.02 
61.36 
26.08 

71.64 
80.00 

100,000,000 

6,700 

160,000 

2,400,000 

62,000,000 

8,000 

17.48 

17.01 
6.25 

20.83 
3.22 

47.50 

66.71 

""6.26' 
12.50 
38.70 

2.50 

23.76 

82.00 
87.50 
66.66 
58.06 

50.00 

3,000,000 
30,000,000 
38,000,000 

"26."6i" 
28.04 

10.00 
36.80 
18.42 

00.00 
43.58 
52.63 

CERTIFIED  MILK. 


300 

100.00 

1 

251... 

r    4 

6 
6 
7 

2,000 
17,100,000 

60.00 
2.33 

50.00 
07.66 

15,000,000 
24,700,000 

20.00 
0.71 

80.00 
00.28 

53,000,000 

16.08 

6.66 

77.86 

RAW  KILK. 


r    0 

148,000 

4.72 

84.46 

10.81 

0 

680,000 

8.62 

87.03 

8.44 

1 

1,440,000 

4.16 

03.05 

2.77 

1 

4,000,000 

33.50 

17.50 

60.00 

268... 

2 

6,000,000 

66.66 

33.33 

250... 

2 

3 
4 

3 

4 

21,000,000 
114,000,000 

0.13 
16.78 

61.14 
48.24 

30.72 
35.06 

16,000,000 

20.00 

60.00 

20.00 

r   0 

44,100 

2.40 

77.00 

20.40 

r    0 

21,100,000 

13.27 

2.36 

84.36 

1 

630,000 

80.06 

10.04 

263... 

1 

102,000,000 

7.84 

36.20 

66.86 

261... 

2 

4,300,000 

27.66 

44.18 

27.00 

2 

150,000,000 

10.60 

33.33 

56.07 

3 

61,000,000 

11.47 

60.65 

27.86 

I     3 

220,000,000 

3.03 

62.44 

33.62 

4 

122,000,000 

12.20 

61.63 

36.06 

• 

0 

315,000 

4.12 

88.26 

7.61 

r   0 

32,000 

37.50 

34.37 

28.12 

1 

730,000 

23.28 

36.61 

41.00 

1 

130,000 

23.07 

23.07 

53.84 

265... 

2 

7,500,000 

48.00 

13.33 

38.66 

266... 

2 

5,100.000 

25.40 

7.84 

66.66 

3 

40.000,000 

57.60 

10.00 

32.50 

3 
4 

5 

146,000,000 

3.42 

61.64 

34.03 

• 

I      4 

r    0 

70,000,000 
40.000 

31.64 
6.00 

26.31 
42.50 

43.03 
63.50 

126,000,000 

17.60 

44.80 

37.50 

267... 

1 

430,000 

18.60 

37.20 

44.18 

r  0 

170,000 

17.64 

47.05 

36.20 

2 

7,100,000 

32.30 

4.22 

63.38 

1 

200,000 

10.00 

76.00 

15.00 

I      3 

30,000,000 

38.46 

25.64 

35.80 

267... 

2 

5,550,000 

40.00 

1.81 

40.00 

8 
4 

260. . .  1 

n 

67,000 
1,400,000 

32.83 
7.14 

46.28 
36.71 

20.80 
67.14 

60,000,000 

25.00 

11.66 

63.33 

6 

86,000,000 

32.66 

12.70 

64.66 

70,000,000 

16.18 

41.77 

43.03 

ao  in  10,000  dilutions. 


bo  in  100,000  dilutions. 
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BACTEBIOLOGY  OF  PASTEURIZED  AND  RAW   MILK. 


Table  XIV. — Raw  and  pasteurized  mUk  at  New    York  Cibf — Total  daib/  bacUrial 
counts  arid  group  percentages — MUk  held  at  room  temperature^  tO^  C  (68^  F.). 


PASTEURIZED  lOLK-DAIRY  H. 


Sample 
No. 

millr 

in 
days. 

Total  bac- 
teria jperc. 
c.onUtmus 
lac  toee  gel- 
atin. 

Per- 
centage 
of  pep- 
toniz- 
ing bac- 
teria. 

Per- 
centage 
oflac- 

tl(HICid 

bac- 
teria. 

Per- 
cent- 

or 
inert 
bac- 
teria. 

Sample 
No. 

milk 

in 
days. 

Total  bac- 
teria jperc. 
c.  on  litmus 
lactase  gel- 
atin. 

Per- 
centage 
ofpep- 
tonif- 
ing  bac- 
teria. 

Per- 
centage 
oflac- 
tio-add 
bac- 
teria. 

Per- 
cent- 
age  of 
aEtiU 

or 
inert 
bac- 
teria. 

202... 

204... 
206... 

208... 

0 

1 

I     2 

{     ? 

{     ? 
J     ? 

8,600 

2,850,000 

417,000,000 

20,600 
4,300,000 

32,200 
15,600,000 

8,700 

3.48 
9.47 
1.67 

2.91 
9.30 

3.72 
8.38 

2.29 

47.67 

.70 

60.35 

9.70 
13.95 

15.62 
66.17 

11.49 

48.83 
89.82 
47.96 

87.37 
76.74 

80.75 
35.48 

86.20 

214... 

216... 

218. . . 
220... 

0 

1 

I     2 

0 

1 

I     2 

{  ? 
{  ? 

14,800 

790,000 

264,000,000 

7,300 

900,000 

312,000.000 

132,000 
1,400,000 

24,300 
16,300,000 

1.36 

17.72 

1.67 

4.10 

33.33 

.96 

4.64 
21.42 

1.64 
9.20 

2.02 
18.96 
86.61 

41.09 
11.11 
89.42 

28.78 
28.67 

6.68 
7.36 

96.62 
68.29 
11.81 

64.79 
66.65 

9.61 

66.66 
60.00 

91.76 
83.43 

I      2 
212. ..I      1 

201,000,000 
29,000 

2.98 
1.72 

63.18 
46.65 

33.83 
51.72 

(      2 

400,000,000 

2.60 

75.00 

22.60 

PASTEURIZED  MILK— DAIRIES  K  AND  M. 


240. . . 

{  ? 

571,000,000 

0.17 

99.82 

543,000 
6,700,000 

.66 
5.97 

99.44 
56.71 

'37.'3i 

242... 

{  ? 

5,200 
15,900,000 

9.61 
1.69 

36.53 
89.83 

53.84 
8.47 

244... 

{  ? 

32,400 
7,500,000 

1.54 
1.33 

4.32 
77.33 

94.13 
21.33 

246... 

{  ? 

15,600 

19.23 

7.05 

73.71 

15,000 
36,100,000 

13.33 
.85 

60.00 
67.23 

26.66 
31.90 

5,400 
9,600,000 

7,600 
73,000,000 

20,200 
16,800,000 

3,700 
12.700,000 


16.66 

7.40 

75.92 

4.16 

6.25 

89.68 

14.47 

23.68 

61.84 

4.10 

30.13 

6&76 

27.22 

1.98 

70.79 

29.16 

2.38 

68.45 

29.72 

8.10 

62.16 

3.9S 

28.34 

67.71 

CERTIFIED  RAW  MILK. 


252.. 

•{  ? 

200 
10,000 

100.00 
100.00 

252... 

{  I 

23,000,000 
481,000,000 

60.86 
2.91 

13.04 
65.90 

26.08 
3L18 

RAW  MILK. 


254.. 

262.. 
256.. 
258.. 
260.. 


{ 
{ 
{  ? 


0 
1 
2 

0 
1 

0 
1 


0 
1 


200,000 

40,000,000 

280,000,000 

44,000 
218,000,000 

45,000 
109,000,000 

140,000 
14,700,000 

240,000 
24,400,000 


10.00 
17.50 
19.23 

65.00 
50.00 
61.53 

11.79 

42.85 
94.49 

33.33 
8.25 

42.22 
36.69 

28.57 
21.76 

42.85 
34.01 

9.16 
8.19 

79.16 
38.52 

25.00 
32.50 
19.23 

45.35 
6.50 

24.44 
55.04 

28.57 
44.21 

11.66 
53.27 


264. 


266. 


268.. 


270. 


0 
1 

0 
1 

0 
1 


17,800,000 

15.16 

6.74 

270,000 
70,000,000 

2.50 
24.28 

75.92 
5L42 

18,000 
32,000,000 

11.11 
18.75 

33.33 
26.00 

82.000 
164,000.000 

41.46 
9.14 

36.68 
53.04 

78.08 

21.48 
24.28 

55.65 
56.26 

21.94 
37.80 
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Table  XV. — Raw  milk  at  Washington,  D.  C,j  examined  in  Janvary,  1909— Daily  cfektUy 
and  total  and  group  counts  of  hactena—MUk  held  at  10"^  C.  {50"*  F.). 


Sample 
No. 


324 


325 


326 


337 


328 


329 


mUk 

in 
days. 


330 


331 


332 


0 
1 
2 

3 

4 
6 
0 
7 

0 
1 
2 
3 

4 
5 
6 

0 
1 
2 
3 

4 
5 

6 
7 

0 
1 
2 
3 
4 
5 

6 

0 
1 
2 
3 


0 
1 
2 
3 
4 
5 
6 

0 
1 
2 
3 
4 


0 
1 
2 
3 
4 


Acid- 
ity in 
per- 
cent- 
al of 
lactic 
acid. 


0.18 
.23 
.19 

.19 
.24 
.25 


.53 

.16 
.18 
.16 
.17 
.18 


.63 

.18 
.16 
.16 
.16 


.38 

.58 
.69 

.16 
.16 
.18 


.40 
.65 

.73 

.14 
.16 


.52 


.72 
.16 


.22 
.29 
.45 
.56 
.68 

.16 
.16 
.16 
.20 
.40 

.61 

.15 
.16 
.15 
.25 
.36 


<**' 


0  I 

1  ' 
2 
3 
4 
5 


.66 

.16 
.16 
.21 
.30 


Total  bacteria 

per  0.  0.  on 

litmus  lactose 

gelatin. 


85,000 
80,800,000 
28,800,000 

114,000,000 

106,000,000 

76,000,000 


436,000,000 

43,400 

660,000 

1,590,000 

5,500,000 

24,000,000 


475,000,000 

30,700 
400,000 
840,000 
910,000 


241,000,000 
563,000,000 


140,000 

260,000 

19,000,000 


411,000,000 
1,220,000,000 


126,000 
17,900,000 


506,000,000 


14,200 


116,000,000 
240,000,000 
404,000,000 


125,000 

9,600.000 

45,000,000 

213,000,000 

820,000,000 


523,000 

8,900,000 

79,000,000 

84,000,000 

226,000,000 


Peptonising 

bacteria 
per  c.  c.  on 
litmus  lac- 
tose gelatin. 


9,000 
1,500,000 
5,900,000 

23,000,000 
19,000,000 
11,000,000 


60,000,000 

10,000 

50,000 

430,000 

2,700,000 

3,700,000 


67,000,000 

2,100 
110,000 
310,000 
360,000 


63,000,000 
32,000,000 


34,000 

66,000 

3,800,000 


90,000,000 
60,000,000 


34.000 
5,800,000 


140,000,000 


3,300 


36,000,000 

9,000,000 

75,000,000 


23,000 

2,800,000 

6,700,000 

50,000,000 

140,000,000 


35,000 

2,800,000 

14,000,000 

13,000,000 

53,000,000 


627,000 

21,000,000 

92,000,000 

184,000,000 


Lactio-acid 

bacteria 
per  c.  c.  on 
litmus  lac- 
tose gelatin. 


26,000 
9,900,000 
3,800,000 

13.000,000 

22,000,000 

3,000,000 


147,000,000 

13,900 

280,000 

150,000 

300,000 

1,300,000 


200,000,000 

8,100 
50,000 
40,000 
30,000 


16,000,000 
394,000,000 


44,000 

31,000 

300,000 


200,000,000 
730,000,000 


55,000 
4,900,000 


262,000,000 


3,700 


20,000,000 
192,000,000 
207,000,000 


37,000 

1,500,000 

10,600,000 

47,000,000 

330,000,000 


275,000 

1,500,000 

27,000,000 

38,000,000 

56,000,000 


159,000 

2,300,000 

19,000,000 

31,000,000 


148,000 

9,100,000 

32,000,000 

75,000,000 


Alkali  form- 
ers and  in- 
ert bacteria 
per  c.  c.  on 
litmus  lac- 
tose gelatin. 


50,000 
19,400,000 
19,100,000 

78,000,000 
67,000,000 
62,000,000 


229,000,000 

19,500 

330,000 

1,010,000 

2,500,000 

19,000,000 


206,000,000 

20,500 
240,000 
490,000 
530,000 


172,000,000 
137,000,000 


71,000 

164.000 

14,900,000 


121,000,000 
430,000,000 


37,000 
7,200,000 


106,000,000 


7,200 


60,000,000 

39,000,000 

122,000,000 


65,000 

5,200,000 

277,000 

116,000,000 

350,000,000 


213,000 

4,600,000 

38,000,000 

33,000,000 

117,000^000 


320,000 

9,600,000 

41,000,000 

78,000,000 


Remarks. 


} 


Raw  milk  from  dairy  T. 

Temperature  down  to 
4"  C.  (40*  F.). 

Temperature  low. 
Old  taste. 


Do. 

Sour;  strong  old  flavor. 


Old   taste;    might   be 

used. 
Old  taste;  sour;  putrid. 


Old  taste. 

Old  taste;  sour;  would 

not  be  used. 
Curdled. 


Very     slightly     sour; 

would   be   used   by 

many. 
Curdled. 


Old  taste;  slightly  sour. 
Sour;  not  curdled. 
Old,  putrid  taste;  sour. 


Old  taste. 

Old  taste;  cheesy. 

Old  taste;  would  not  be 

used. 
Sharp  old  taste;  sour. 


Sllehtly  old  taste. 
Old  taste;  sweetish. 

Putrid;  sour. 


Slightly  old  taste. 
Do. 

Bitter;  sour. 
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Table  XV. — Raw  milk  at  WaMngUm,  D.  C,  examined  in  Jantuary,  1909 — DaUy  acidi 
and  total  and  group  cotaUa  of  bacteria — Milk  held  at  10^  C.  {50^  F.}--Coiitmued. 


addiiif 


Sample 
No. 

milk 

in 

days. 

Acid- 
ity In 
per- 
cent- 
age of 
lactic 
add. 

Total  bacteria 

per  c.  c.  on 

litmus  lactose 

gelatin. 

Peptonizing 

bacteria 
per  c.  c.  on 
litmus  lac- 
tose gelatin. 

Lactkvadd 

bacteria 
per  c.  c.  on 
litmus  lac- 
tose gelatin. 

Alkali  form- 
ers and  in- 
ert bacteria 
per  c  c.  on 
litmus  lac- 
tose gelatin. 

Remarks. 

0 
1 
2 
3 

4 

5 

6 

f       0 

1 

2 
3 

4 
6 

f       0 

1 
2 
3 
4 
6 
6 

f       0 

1 

2 
3 

4 

5 
6 

f       0 

1 

2 
3 

4 
I       6 

f       0 
1 

S 

4 
5 

(      0 

1 
2 
3 
4 
5 

0 
1 
2 
3 
4 

0 
1 
2 
3 
4 
5 
6 
7 

0.15 

.17 
.18 

172,000 

7,000,000 

53,000,000 

15.000 

2,300,000 

13,000,000 

58,000 

600,000 

9,000,000 

99,000 

4,100,000 

31,000,000 

333 

.44 
.63 

.74 

.14 
.18 

860,000,000 
600,000,000 

220,000,000 
100,000,000 

180,000,000 
230,000,000 

460,000,000 
360,000,000 

Old  taste;  would  not  be 
used. 

Old  taste;  bitter;  slight- 
ly sour. 

Old  taste:  sour. 

464,000 
11,000,000 

450,000 
4,500,000 

2,000 
600,000 

12,000 
6,000,000 

334 

.27 
.37 
.54 

.16 

123,000,000 
167,000,000 

68,000,000 
76,000,000 

8,000,000 
14,000,000 

47,000,000 
77,000,000 

Old  taste. 

Do. 
Sour:  bitter. 

324,000 

46,000 

40,000 

238,000 

835' 

.18 
.30 
.41 
.58 
.68 

.16 
.16 
.18 
.21 
.37 

123,000.000 
194,000,000 
150,000,000 

22,000,000 
30,000.000 
26,000,000 

25,000,000 
74,000,000 
62,000,000 

76,000,000 
90,000,000 
62,000,000 

Old  taste. 
Bitter:  soar. 

.. 

Sour;  old. 

836 

243,000 

3,810,000 

47,900,000 

190,000.000 

182,000,000 

40,000 

670.000 

5,500,000 

30,000,000 

33,000,000 

75,000 

1,170,000 

7,700.000 

80,000,000 

43,000,000 

128,000 

1,970,000 

34,700.000 

80,000,000 

106,000,000 

SllghUy  old  taste. 
Slightly      old      taste; 
slightly  putrid. 

.65 

.16 
.17 

.18 
.22 

Strong,  old  taste;  cur- 

Acld   count   probably 
low. 

837 

146,000 
7,080,000 

120,000  000 
167,000,000 

25,000 
1,230,000 

40,000,000 
20,000,000 

27,000 
40,000 

20.000.000 
46,000,000 

94,000 
5,760,000 

60,000,000 
95,000,000 

.64 

.17 
.16 
.19 

1 1 

Strong,  old  taste;  sour. 

838 

36,000 

3,700,000 

37,000,000 

5,200 

1.000,000 

15,000,000 

9,400 

400.000 

6,000,000 

21,400 

2,300.000 

16,000,000 

.38 
.63 

.16 
.18 

306,000,000 

31,000,000 

161,000,000 

114,000,000 

Old  taste. 
Sour. 

78,000 
3,210,000 

18,000 
600,000 

27,000 
020,000 

33,000 
1,600,000 

839 

.31 
.58 
.65 

.16 

143,000.000 
564,000,000 

9,000,000 
40,000,000 

49,000,000 
305,000,000 

85,000,000 
219,000,000 

Old  taste. 

Bitter. 

Sour. 

1,190,000 

90,000 

670,000 

430,000 

340 

.24 
.43 
.65 

.19 
.21 
.21 
.20 

'".28' 

152,000,000 
335,000,000 

11,000,000 
14,000,000 

69,000,000 
229,000,000 

82,000  000 
92,000,000 

Very  slightly  old  taste. 
Slightly  sour. 
Sour. 

4,400 

50,000 

31,200,000 

34,000,000 

200,000,000 

140,000,000 

1,500 

15,000 

3,000,000 

7,000.000 

60,000,000 

44,000,000 

600 

2,300 

35,000 

28,200,000 

27,000,000 

140.000,000 

88,000,000 

Raw  milk  from  dairy  8. 

341 

8,000,000 

"  ".'so' 

416,666,666 

iw,  666, 666 

76,666,666 

190,000,000 

Curdled. 
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Table  XV. — Raw  milk  at  WaMngton,  D.C.,  examined  in  January ^  1909 — Daily  addity 
and  total  and  group  counts  of  bacteria— Milk  held  at  10^  C.  {50^  i^.)— Continued. 


Sample 
No. 

Age  of 
milk 

in 
days. 

Add- 
ity in 
per- 
cent- 
age of 
lactic 
add. 

Total  bacteria 

per  c.  c.  on 

litmus  lactose 

gelatin. 

Peptonising 
bacteria 
per  c.  c.  on 
litmus  lac- 
tose gelatin. 

LactiiHudd 

bacteria 
per  c.  c.  on 
litmus  lac- 
tose gelatin. 

Alkali  form- 
ers and  in- 
ert bacteria 
per  c.  c.  on 
litmus  lac- 
tose gelatin. 

Remarks. 

0 

1 
2 
3 
4 
5 
6 
7 

f       0 

1 
2 
3 
4 
5 
6 

f       0 

1 
2 
3 

4 
5 

0.19 
.20 
.19 

'".'27* 

1,400 

4,000 

868,000 

36,700,000 

81,000,000 

800 

2,100 

36,000 

3,200,000 

5,000,000 

200 

900 

400 

1,000 

832,000 

33,500,000 

76,000,000 

342 

.43 
.64 

.19 

'.'2i' 

500,000,000 

20,000,000 

250,000,000 

320,000,000 

67,000 

8,200,000 

27,700,000 

29,000 
1,700,000 
5,000,000 

4,000 

34.000 

6,500,000 

22,500,000 

343 

200,000 

.25 
.45 
.64 

....... 

292,000,000 

14,000,000 

111,000,000 

167,000,000 

5,400 
170,000 

3,800 
60,000 

600 

1,000 
110,000 

344 

.24 
.24 
.45 

122,000,000 

14,000,000 

1,000,000 

107,000,000 

- 

Tablb  XVI. — Raw  milk  at  Washingtony  D.  C,  examined  during  winter  1909-10 — 
Daily  total  and  aroup  counts  of  bacteria  and  daily  acidity — MUh  held  at  room  tern- 
perature,  tO"*  C.  (65®  F.).^ 


ample 
No. 

Age  of 

milk 

in 

days. 

Add- 
ity in 
per^ 
cent- 
age  of 
lacUc 
add. 

Total  bac- 
teria per  c.  c. 

on  litmus 
lactose  gela- 
tin. 

Peptonising 
bacteria  jper 
c.  c.  on  Ot- 
mus  lactose 
gelatin. 

LacUc-edd 
bacteria  jper 
c.  c.  on  lit- 
mus lactose 
gelatin. 

Alkali  form- 
era  and  inert 
bacteria  per 
c.  c.  on  lit- 
mus lactose 
gelatin. 

Remarks. 

345 
346 
347 

0 

1 

(      2 

(      0 
1 

I      2 

r     0 
1 

I      2 

0 

1 

I       2 

(       0 
I       3 

r     0 
1 

2 

r     0 
1 

(       2 

0.16 
.20 
.63 

.16 
.22 
.63 

.16 
.18 
.63 

.16 
.22 
.66 

.16 
.23 

39,000 
140,000,000 
500,000,000 

246,000 
121,000,000 
654,000,000 

102,000 
69,000,000 

5,000 
60,000,000 
12,000,000 

25.000 

8,000,000 

54,000,000 

15,000 
11,000,000 

10,000 

20,000,000 

425,000,000 

100.000 

70,000,000 

429,000,000 

17,000 
5,800,000 

24,000 
60,000,000 
63,000,000 

121,000 

43,000,000 

171,000,000 

70,000 
52,200,000 

Curdled;  not  sour  to 
taste. 

Sour;  putrid. 

Sour;  sllgbtly  curdled. 

348 

40.800 
73,000,000 
72,000,000 

78,000 

f. ............ 

8,400 
4,000,000 
7,000,000 

12,000 

16,100 
51,000,000 
31,000,000 

19,000 

16,300 
18,000.000 
34,000,000 

47,000 

Sour;  curdled. 

349 

.93 

.12 
.25 
.61 

.17 
.24 
.72 

Curdled. 

350 
881 

34,600 
73.000.000 
86,000,000 

372,000 

168,000,000 

1,070,000,000 

5,500 

19,000.000 

8,000,000 

21,000 
22,000,000 
60,000,000 

14,200 
23.000.000 
49,000,000 

,       267,000 
100.000.000 
800,000,000 

14,900 
31,000,000 
29,000,000 

84,000 

46.000.000 

210,000,000 
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Table  XVI. — Raw  milk  at  Wdshingtanj  D.  C.  examined  during  winter  1909^10 — 
Daily  total  and  group  counts  of  bacteria  and  daily  oddity — Milk  held  at  room  temr 
perature,  fO**  C.  (68^  i^.)— Continued. 


Sample 
N6. 

Age  of 
milk 

In 
days. 

Acid- 
ity in 
per- 
cent- 
age of 
lactic 
add. 

Total  bac- 
teria per  C.C. 

onuunus 

lactose  gela- 

Un. 

Peptonizing 
bacteria  per 
c.  c.  on  lit- 
mus lactose 
gelatin. 

LacUc-add 
bacteria  per 
c.  c.  on  Gt- 
mus  lactose 
gelaUn. 

Alkali  form- 
ers and  inert 
bacteria  per 
c.  c.  on  Ut- 
mus  lactose 
gelatin. 

Remarks. 

352 

1      I 

0.15 
.18 
.61 

25.000 

64,000,000 

416.000,000 

11,000 
38,000.000 
71,000,000 

8,000 

5,000,000 

121,000,000 

6,000 

21,000,000 

224,000,000 

SUghUy  strong  taste. 
Putrid. 

353 

r     0 
1 

I        2 

.17 
.20 
.63 

19.700 

70,000,000 

349,000,000 

3,000 
10,000.000 
49,000,000 

4,100 

18.000,000 

130,000.000 

12,600 

42,000,000 

170,000,000 

Sour;  bitter. 

354 

{  1 

.17 
.23 

257,000 
94,000,000 

14,000 
18,000,000 

164,000 
10,000,000 

79,000 
66,000,000 

OarUc  taste. 

355 

f        0 

1 

I        2 

.15 

111,000 

36,000 

25,000 

60,000 

.58 

■*766;666,666 

80,000,000 

190,000,000 

430,000,000 

356 

r     0 
1 

(        2 

.17 
.17 
.34 

6.700 

14,500.000 

231,000,000 

600 
60,000,000 
37,000,000 

2.60O 
16,000,000 
93,000,000 

3,600 

60,000,000 

101,000,000 

Very  slight  old  taste. 

357 

f       0 

1 

I        2 

.16 
.18 
.62 

20.800 

29.300.000 

271,000,000 

1,300 

8,400,000 

25,000,000 

5,300 

9,100,000 

126,000,000 

14,200 

11,700,000 

120,000,000 

SUghUy  old  taste. 

358 

r     0 
1 

I       2 

.17 
.17 
.53 

18.400 

12,000,000 

790,000,000 

1,600 

1,400,000 

80,000,000 

5.300 

4,600,000 

440,000,000 

11,600 

6.100.000 

270,000,000 

Old  taste. 

359 

r     0 
1 

I       2 

.17 
.17 
.30 

4,600 

88.000,000 

1,220,000,000 

29,000,000 
160,000,000 

2,500 

11,000,000 

520,000,000 

.      2,100 

48,000.000 

560,000,000 

Slightly  sour. 

360 

1  i 

.18 
.18 
.58 

22.800 

83,000.000 

1,110,000,000 

4.000 
31.000.000 
60,000,000 

8.100 

17,000,000 

780,000,000 

10,700 

35,000,000 

270,000,000 

Sour;  old. 

361 

r     0 
1 

I        2 

.18 
.21 

.67 

24,900 

123,000,000 

1,010,000,000 

4,000 
24,000,000 
60,000,000 

6.700 

31,000.000 

750,000,000 

15.200 

68,000,000 

200,000,000 

Slightly  old  taste. 
Curdled. 

362 

f        0 
1 

I        2 

.15 
.24 
.67 

130,000 
111.000,000 
740,000.000 

2,000 
15,000.000 
30.000,000 

45.000 

41,000.000 

660,000,000 

83.000 
55,000,000 
60,000,000 

Old  taste. 
Curdled. 

363 

1  ■ 

.17 
.34 

.76 

281.000 
234.000.000 
139,000,000 

43.000 
54.000.000 
30,000,000 

93,000 
28.000.000 
48,000,000 

145.000 

152.000,000 

61,000,000 

Old. 
Curdled. 

a  oinlOO  dilution. 


» 


■w 

TotolbactBrta 

a. 

P«r- 

acid 
bao 

Per- 

g^Un. 

^ 

K 

lerto. 

58-82 

86,000 

^OM 

f     0             627,000    25  35 

23.00 

51,03 

30.800,000 

*;S7     32.14 

62.98 

1'       21,000,000'  10  9.5 

43.33 

45,71 

28,800.000 

20.48'  13,19 

332 

2        02,000,000     2a  05 

UGO 

324 

114,000,000 

11.40 

68:42 

1      3       184,000.000  116.84 

4a  76 

42,39 

106,000,000 

6203 

G 

Ta;flDo:ooo 

14:47 

3:94 

SI.  57 

0'           172.000      8  7! 

33.72 

58  67 

J 

430^666^  too' 

43,400 

23.04 

32.02 

44.93 

333 

2    53;ooo;ooo 

24.62 

16.98 

S&49 

4      806:000^666 

26,^93 

■53.^48^ 

660,000 

7.57 

42.42 

.10.00 

6      69o;flO0:000 

14:49 

33  33 

52,17 

1,500,000 

63.52 

325 

5,500,000 

4b!09 

5:45 

45.45 

0  I           461.000 

96.08 

-43 

2,58 

24,000,000 

15.41 

5  41 

TO- 16 

334 

1  '      1,100,000 

40.90 

'  "47s,"oo6,"o66 

14.16" 

0.10 

43."78" 

■3s."  2i^ 

4  1    i67i«ao|oao 

8  38 

30,700 

20l3S 

08.77 

1 

400,000 

6a  00 

328 

840,000 
910,000 

3846 

4.76 
3.29 

58  33 
68.24 

335 

2    ■123,000. 666^ 

bi'.n 

3  '     194.000,000  1  1.5.46     38-14 

4  160,000.000  1  17.33  1  41.33 

46.30 

7i:36" 

M3,000,000 

5.68 

69.  B8 

24  33 

,               1 

0         243,000'  10.40  Isass 

52,67 

1           3,810.000      I7.,wl  30-70 

.61.70 

260,000 

11.92 

336 

72,44 

10,000,000 

20.00 

1.57 

78  42 

3       mOOoloOO  ,   15  7N  '  42:10 

42  10 

4       182,000,000  1  18  13 

23.02 

.^24 

'  uilm.iioo 

1.220, 000. 000 

4  91 

69.  S3     35.24 

337 

f      0               146,000     17-12 
1            7. 030.000     17.49 

18.49 

64,38 

0 

126,000 

43.65  '  28.36 

2        120,000,000133.33 
.      3  .     167,000,000  1  [$,,50 

0              30,000  1  14.44 

323 

1 

1 

17,1100.000 

32:40 

40.22 

2611 

5C:§8 
.50,44 

moooloro 

■27:55" 

si:  57 

icLW 

1          3,700,000  !  27.02  1  ia81 

32ft 

HMO 

23.23 

2«l03 

50.70 

338 

2  ,      37,000.000  1  4a54     16,21 

43:24 

'''m.mQm 

■31:03" 

iUi 

'si:^ 

4 1  "366;o66|666Yi6:i3^;  sini^ 

240,000,000 

10.25 

404,000.000 

i&m 

61,23 

3a  19 

Ol            78.000    23.07    34  61 
1          3,210,000     18.09    28.W 

i:5! 

125,000 
0,500,000 

18,40 

20.60    52  00 

339 

3    "i43,"666:666""6:M''34,'26 

330 

45,000,000 
2^000  000 

2a47 

23:5s     81.  SS 

4      504,000,000      7.09    54,07 

3«:s2 

s»,ooo,ov 

523,000 

40.24  ,  42.08 
52.58     4a  72 

340 

0          1,190,000      7,,5e    .56,30 

30,13 

2  ■'152:666^666 '■"iaa'wai" 

ra'-M 

8,900,000 

31,46 

.     3  '    335,000,000  1    4.17  '  08,36 

27.46 

331 

79,000.000 
84  000  000 

45.23     38.28 

1       4 

226,000.000 

23.45 

24,77    51.76 

1           I 

6«36«— BuU.  126— lit- 
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CLEAN  MILK— DAIRY  B. 


B^pl, 

3a 

3 

ToUl  baclerlB 

lifiuj'lftcUoe 
gclBtia. 

Per- 

cenl- 

S.t 

Inn 

P«. 

oent- 

hac- 

Per- 

»"« 
,s. 

70.00 

S«.PU 

z 

Per. 

cenl- 
roUlbacWIal^Dt 

jt.ria. 

Per- 

agear 
Iwtio- 

Mrta. 

Per- 
ceit- 

1,400  '  34.09 

50,000    30. 00 

31,200.000      B,«l 

'^^ 

\l 

07,000'  43.28 
8,200,000  '  20.73 

■■.■72' 

79.se 

aoo.000.000   wioo ' 

140,000,000    31.42  1    5,71 

f  <l 

292,000,000 

5.400 
170,000 

au 

n.u 

ss 

410,000,000  ,36.58    17.07 
1.40o' 57.14     14.28 

so.Too^ooo  1  &.71  v.'.'.'.'.'. 

81,000,000  1    fi-1'   

46.34 
2S.i» 

73.  fe 

3 

m,ooo.ooo 

n.47 

■  SI 

87,  TO 

fi«i,6aa,666  |  i'ss   42.37 

M-23 

1 

Per-  1 

Per- 

FfT- 

eeni-    ^"^ 

El 

Sample'    fi^ 

Total  baclerta 

aiwol 

Simple 

r''.s;„-£S, 

P^P.     '£^11°' 

.a- 

l> 

£..[  •"■'•- 

a  S 

terlB. 

'dW9. 

getaOn, 

lerlB. 

- 

2|    5W,0«1 

000     2. 40  '  s.^.  00 

Ii60 

i      2      700,000,000 

11.42 

27-14    «.« 

'1      0                6,700 

2      (k'^.OOO 

non  1  8.W    6^59 

28.14 

347 

86 

uuo 

1  .r  ■.:™  „.„ 

351 

,070 

OOO     13.09 

.W..1;(  .  27.38 
74.  76     10. 62 

34.32 

352 

1.4 

410 

00( 

flOO    .10.37      7.  SI  '  32.82 
000,  17.06     29.(»l     .^3.84 

19.80 

63.84 

1      1        94,000 

000    19.14    io..a|ro.22 

1      2       139,000,000     21. 5S 

34.  S3 

43.88 

i 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 
Washington,  D,  C,  September  ^Sy  1910. 

Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  a  bulletin  of  this  Bureau,  a  manuscript  entitled  "The 
Nematodes  Parasitic  in  the  Alimentary  Tract  of  Cattle,  Sheep,  and 
Other  Ruminants,"  by  Dr.  B.  H.  Ransom,  chief  of  the  Zoological  Divis- 
ion of  this  Bureau.  The  purpose  of  the  paper  is  to  supply  data  hereto- 
fore unpublished  or  otherwise  not  readily  available,  which  will  enable 
zoologists,  veterinarians,  and  other  investigators  to  identify  nema- 
todes belonging  to  known  species  that  may  be  found  in  the  alimentary 
tract  of  ruminants.  All  of  the  parasites  in  question,  among  which 
are  included  such  important  forms  as  the  stomach  worms,  hookworms, 
and  nodular  worms,  are  briefly  described,  and  the  illustrations  show 
the  characteristics  of  the  more  important  species. 
Respectfully, 

A.  D.  Melvin, 
Chief  of  Bureau, 
Hon.  James  Wii^on, 

Secretary  of  Agriculture, 
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THE  NEMATODES  PARASITIC  IN  THE  ALIMENTARY  TRACT  OF 

CATTLE,  SHEEP.  AND  OTHER  RUMINANTS. 


INTBODUCnON. 

Parasites  belonging  to  the  group  known  to  zoologists  as  Nematoda  ° 
are  so  common  in  the  alimentary  tract  of  cattle,  sheep,  and  other 
ruminants,  and  in  many  instances  are  so  injurious,  that  the  proper 
identification  of  the  various  species  is  a  matter  of  considerable  impor- 
tance. Obviously,  one  of  the  first  steps  in  the  study  of  parasitic 
diseases  is  to  determine  the  particular  parasites  concerned — to  be 
able  to  recognize  the  different  species  and  to  distinguish  them  from 
one  another. 

In  the  present  paper  an  attempt  has  been  made  to  describe  the 
various  species  of  nematodes  occurring  in  the  alimentary  tract  of 
ruminants  in  sufficient  detail  soithat  any  nematodes  belonging  to 
known  species  which  may  be  foimd  in  that  location  can  be  identified 
by  comparing  the  specimens  with  the  descriptions  herein.  For  com- 
plete references  to  the  literature  cited  the  reader  may  consult  Bureau 
of  Animal  Industry  BuUetion  39,  Index-Catalogue  of  Medical  and 
Veterinary  Zoology. 

LIST  OF  NEMATODES  OCCTTBBINa  JN  THE   ALtBCENTABY  TKACT 

OF  BTJHINANTS.& 

The  following  list  contains  about  50  species  of  nematodes  which 
have  been  reported  as  parasitic  in  the  alimentary  tract  of  ruminants, 
and  not  less  than  30  of  these  are  known  to  occur  in  this  coimtry.  The 
portion  of  the  alimentary  canal  in  which  each  species  is  most  com- 
monly located  (so  far  as  it  has  been  possible  to  determine)  is  men- 
tioned, and  if  a  species  has  been  reported  as  a  parasite  of  domestic 
cattle,  sheep,  or  goats  the  fact  is  stated. 

Family  Ascaridse: 

Genus  Ascarut— 

Ascaris  ntulorum. — Small  intestine;  cattle, 
c  *  Ascaris  ovis. — Small  intestine;  sheep. 


oAU  parasitic  worms  with  unjointed  elongated  cylindrical  bodies,  with  a  more  or 
less  firm  cuticle  composed  of  chitin,  and  with  a  terminal  mouth  at  one  end  of  the  body 
and  an  anal  opening  terminal  or  subterminal  at  the  other  end,  belong  in  the  order 
Nematoda. 

^Gaigeria  paehyacelis  should  be  added  to  this  list.    See  Addendum,  p.  124. 

c  The  asterisk  (*)  denotes  that  specimens  of  the  species  indicated  (collected  in  the 

United  States)  were  examined  by  the  author. 
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Family  Strongylidse: 

Subfamily  StrongyliiuB — 
Genus  Agriostomum — 

Agriostcmum  vrybiargi. — Small  intestine;  cattle  (Bos  indicus). 
o  Genus  Monodantus — 

* Monodontus  trigonocephdliis. — Small  intestine;  sheep,  goat. 

* Monodontus  pJdebotomus. — Small  intestine;  cattle. 

Monodontns  longedrratus. — Intestine. 
Genus  CJiabertia — 

*Chabertia  ovina. — Large  intestine;  sheep,  goat. 
Genus  EucyathosUymum — 

Eucyaihostomum  longesuhiilatum. — Large  intestine. 

Eucyathostomum  spinulamm. — Intestine. 
Genus  (Esophagostomum — 

*(E»ophagostomum  columbianum. — Large  intestine;  sheep,  goat,  ?cattle. 

*(E8ophago8tomum  radiatum. — Large  intestine;  cattle. 

*(E8ophago8tomum  venulasum. — large  intestine;  goat,  sheep. 
"  Subfamily  Metastrongylinse — 
Genus  Hsemonchus — 

* Hasnwnchus  cordoj^ius. — Fourth  stomach;  cattle,  sheep,  goat. 

Ilaemonchus  longistipes  — Fourth  stomach. 

{^Httmonchns)  bispinosus. — Stomach. 
Genus  Ostertagia — 

*08tertagia  ostertagi. — Fourth  stpmach;  cattle. 

*08tertagia  arcumcmcta, — Fourth  stomach;  sheep,  goat. 

*08tertagia  trifurcata. — Fourth  stomach;  sheep,  goat. 

*08iertagia  marsJialli. — Foiuth  stomach;  sheep. 

*08lertagia  ocddcntalis. — Fourth  stomach;  sheep. 

*08tertagia  mentulata. — Fourth  stomach. 

Ostertagia  briganttaca. — Small  intestine. 
Genus  Cooptria — 

*Coopcria  curticd. — Small  intestine;  sheep,  goat. 

*Cooperia  punctata. — Small  intestine;  cattle. 

*Cooperia  oncophora. — Small  intestine;  cattle,  sheep,  goat. 

*Cooperia  pcctinata. — Fourth  stomach;  cattle. 
Genus  Nematodiru* — 

* Nematodirus  fUcollis. — Small  intestine;  cattle,  sheep,  goat. 

Ncniatodirus  spathigcr. — Small  intestine. 

Ncm/itodirus  digitatus. — Stomach;  cattle  {Bos  indicus). 
Genus  Tricliostrongylvs — 

*Tricho8trongylu8  instabilis. — Small  intestine;  sheep,  goat. 

Tricho8trongylii8  colubriformis. — Small  intestine;  sheep. 

*Tricho8tTongylu8  probolurus. — Small  intestine;  sheep. 

* Trichostrongylus  vitriniLS. — Small  intestine;  sheep,  goat. 

*Tricho8tTongylu8  extenriatus. — Fourth  stomach;  cattle,  sheep,  goat. 

* Tricho8trongylu8  capricola. — Small  intestine  or  fourth  stomach;  sheep, 

goat. 
Species  of  uncertain  generic  position — 

Strongylus  ventricosus. — Small  intestine. 

Strongylus  fardii. — Stomach  or  intestine;  cattle. 
Family  Filariidse: 

Genus  Gongylcmema — 

*Gongylonema  scutatum. — ^Mucous  lining  of  esophagus;  cattle,  sheep,  goat. 

Gongylonema  vcrrucosum. — Stomach;  sheep,  cattle  (Bos  indicms). 
Genus  Spiroptera — 

Spiroptera  verrucosa. — Stomach. 


oSee  Addendum,  p.  124. 
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Family  Angioetomidaj: 

Genus  Strongyloides — 

^Strangyloides  papillosus, — Small  intestine;  sheep,  goat. 
*Strongyloide8  ovocinctus. — Small  intestine. 
Family  Trichinellidce: 

Subfamily  Trichuring! — 
Genus  TYichuris — 

^Trichwris  <ms. — Laige  intestine;  cattle,  sheep,  goat. 
Trichuris  discolor. — ?Stomach;  cattle  {Bos  indicus). 
Trichvris  alcochi. — (?Laige)  intestine. 
Trichuris  glohvlosa. — ?Large  intestine. 
Trichuris  ccaneli. — Large  intestine. 
Trichuris  giraffs^, — Small  intestine. 
Crenus  Cajjillaria — 

*Capillaria  hrevipes, — Small  intestine;  sheep. 
*Capillaria  longipes. — Small  intestine;  sheep. 
Capillaria  hovis. — Small  intestine;  cattle. 
Subfamily  Trichinellinse — 
Genus  Trichinella — 

TriditTiella  spiralis. — SnulU  intestine;  accidental  in  ruminants. 

METHODS  OF  COLLECTINa  AND  PREPABINa  SPECIMENS. 

Though  some  species  of  nematodes  mfesting  ruminants  may  be 
recognized  at  a  glance  with  a  fair  degree  of  certainty,  for  example 
such  forms  as  Hsemonchus  corUortus  and  CJiabertia  ovina,  other  spe- 
cies require  careful  microscopical  examination  for  their  identification, 
either  because  of  their  small  size  or  because  in  their  grosser  characters 
several  species  may  look  so  much  alike  that  they  can  only  be  distin- 
guished from  each  other  by  means  of  the  finer  details  of  their  structure. 
For  the  purpose  of  identification  freshly  collected  specimens  may  be 
examined  alive  in  physiological  salt  solution  (about  6  grams  of  salt 
to  a  liter  of  water)  on  a  glass  slide  under  the  microscope,  but  w^hen 
time  is  lacking  and  if  it  is  desired  to  retain  specimens  for  futiu'e 
reference  it  is  necessary  that  they  be  preserved  for  later  examination. 

Owing  to  the  tedious  nature  of  the  task  of  picking  out  specimens 
one  by  one  from  the  viscera  of  animals  examined  for  parasites  and 
the  difficulty  of  finding  nematodes,  even  those  of  considerable  size, 
amid  the  ingesta  of  the  alimentary  tract,  a  more  rapid  and  certain 
method  of  collection  is  desirable.  A  very  satisfactory  method  con- 
sists in  taking  the  various  portions  of  the  alimentary  canal,  opening 
them  with  an  enterotbme  or  other  scissors  of  convenient  size,  and 
evacuating  their  contents  into  tall  jars  of  water,  washing  and  scrap- 
ing their  mucous  lining  in  order  to  detach  any  adherent  parasites. 
The  contents  of  the  jars  are  stirred  up  and  then  allowed  to  settle  for 
a  few  minutes,  during  which  tune  the  worms,  if  any  be  present, 
settle  toward  the  bottom  together  with  the  heavier  ingesta.  Then  the 
contents  of  the  jars  except  a  few  inches  at  the  bottom  are  care- 
fully decanted  off,  more  water  is  added,  and  the  same  procedure 
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repeated.  This  operation  is  continued  until  the  liquid  no  longer 
becomes  turbid  when  the  contents  of  the  jars  are  stirred.  The 
water  is  poured  off  as  before  and  physiological  salt  solution  added. 
In  this  solution  the  worms  may  remain  for  several  hours  without  being 
damaged.  Poured  out  into  a  shallow  dish  the  worms  thus  treated 
are  readily  seen  and  may  be  picked  out  with  comparative  ease  from 
the  ingesta. 

Tlio  most  satisfactory  method  of  preservation  for  general  purposes 
is  that  recommended  by  Ix)oss  (1901a).**  Tlie  worms  are  killed  in 
hot,  nearly  boiling,  70  per  cent  alcohol,  to  wliich  may  be  added,  if 
desired,  5  per  cent  of  glycerin,  or  10  per -cent  if  the  worms  are  small 
and  readily  permeated  by  the  killing  fluid.  To  prepare  them  for  study 
the  specimens  may  then  be  placed  in  a  mixture  of  20  parts  of 
absolute  alcohol  and  80  parts  of  carbolic  acid,  which  renders  them 
suiUciently  transparent  for  examination  in  temporary  mounts  imder 
the  microscope.  As  an  alternative  the  specimens,  if  not  already  in 
glycerinated  alcohol,  may  be  placed  in  5  to  10  per  cent  glycerin  in 
alcohol  and  left  uncovered  in  a  warm,  dry  place,  free  from  dust, 
until  the  alcohol  has  evaporated,  after  wliich  more  glycerin  may  be 
added,  if  necessary,  to  cover  the  specimens.  Tliis  gradual  change 
by  evaporation  from  alcohol  to  glycerin  prevents  the  ruinous  shrink- 
age which  would  result  by  more  abrupt  changes  from  a  medium  of 
one  specific  gravity  to  one  of  another,  and  which  commonly  results 
when  the  usual  technical  methods  are  followed.  The  specimens  may 
then  be  mounted  in  glycerin  or  in  glycerin  jelly  for  microscopical 
examination.  As  Looss  (1901a)  has  pointed  out,  glycerin  jelly  or 
glycerin  is,  as  a  rule,  a  better  mounting  medium  for  nematodes  than 
balsam,  which  renders  specimens  so  transparent  that  many  details 
of  structure  are  not  visible,  or  only  difficultly  so. 

STBT7CTXJBE    OF   NEMATODES   PARASITIC    IN   THE    AUMENTABY 

TBACT  OF  BTJMINANTS. 

In  the  following  brief  review  of  the  anatomy  of  nematodes  parasitic 
in  the  alimentary  tract  of  ruminants  those  details  of  structure  which 
are  of  practical  importance  in  determining  species  are  discussed  in  a 
general  way. 

FORM. 

As  indicated  by  their  name,  the  nematodes  are  more  or  less  thread- 
like in  form.  They  are  elongated,  cylindrical,  usually  attenuated 
toward  one  or  both  extremities.  In  the  genus  Trichuris  the  anterior 
portion  of  the  body  is  much  more  slender  than  the  posterior  portion, 
and  from  their  fancied  resemblance  to  a  whip  the  worms  of  that 
genus  are  commonly  known  as  whip-worms. 

*  The  references  are  to  the  Index-Catalogue  of  Medical  and  Veterinary  Zoology, 
published  as  Bulletin  39,  Bureau  of  Animal  Industry,  Department  of  Agriculture. 
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SIZE. 

In  size  the  adult  nematodes  infesting  the  alimentary  trttct  of 
ruminants  range  from  a  length  of  about  3  mm.  and  a  thickness  of  50/£ 
or  less  in  the  smallest  species  to  a  length  of  25  cm.  and  a  thickness  of 
5  mm.  or  more  in  the  largest  species.  The  majority  of  the  species 
are  forms  less  than  20  mm.  in  length  and  J  mm.  in  thickness.  Ascaris 
vitidorum  (p.  25)  is  the  lai^est  species,  while  Trichostrongylus  edenu- 
atus  (p.  94)  and  the  two  species  of  Strongyloides  (p.  104)  share  the 
distinction  of  being  the  smallest.  The  females  of  each  species,  as 
is  commonly  the  case  with  nematodes,  are  usually  lai^er  than  the 
males,  both  in  length  and  in  tliickness. 

CUTICLE. 

The  chitinous  cuticle  which  forms  the  covering  of  the  body  varies 
in  thickness,  as  a  rule,  according  to  the  size  of  the  worms.  The 
layer  of  hypodermis  which  underlies  the  cuticle  is  thickened  in  the 
dorsal  and  ventral  median  lines,  and  in  the  lateral  lines.  These  lines 
are  especially  conspicuous  in  the  genus  Ascaris,  The  excretory 
vessels  are  located  in  the  lateral  lines.  These  vessels  unite  near  the 
head  and  open  on  the  ventral  surface  of  the  body  through  an 
unpaired  excretory  pore  (e.  p.,  fig.  2).  Besides  the  median  and  lateral 
longitudinal  lines  the  cuticle  may  be  marked  with  other  longitudinal 
lines,  very  narrow,  in  some  instances  (genus  Cooperia)  resembling 
rows  of  little  dots.  In  the  genus  Trichuris  the  cuticle  on  the  ventral 
surface  is  modified  to  form  the  so-called  bacillary  band,  consisting 
of  a  mass  of  small  rod-like  structures  perpendicular  to  the  surface  and 
projecting  as  little  points.  In  the  genus  CapUlaria  similar  bands 
may  also  be  present  in  the  lateral  and  dorsal  lines.  The  cuticle  in 
many  cases  is  transversely  striated.  In  the  genus  Gongylonema  the 
cuticle  in  the  anterior  portion  of  the  body  bears  numerous  small 
shields  or  tubercles  (fig.  119).  The  cuticle  on  the  head  and  in  the 
cervical  region  may  be  inflated  in  certain  species,  giving  that  portion 
of  the  body  a  swollen  appearance  (c.  -i.,  figs.  24,  29).  Narrow  cutic- 
ular  membranes  or  wiags  may  be  present  attached  along  the 
longitudinal  lines,  sometimes  extending  the  entire  length  of  the 
body  (Z.  m.,  fig.  19).  In  Gongylonema  verrucosum  such  a  membrane  is 
also  present  in  the  dorsal  line.  Cervical  papillre  (c.  p.,  figs.  19,  34), 
are  commonly  present  in  the  neck  region,  one  in  each  lateral  line.  A 
transverse  cervical  groove  on  the  ventral  surface  in  the  neighborhood 
of  the  excretory  pore  is  a  rather  prominent  feature  of  the  genera 
Ckdbertia  and  (Esophagostomum  (c.  g.j  figs.  12,  19). 

Shedding  of  the  cuticle,  preceded  by  the  formation  of  a  new  cuticle 
inside  the  old,  is  a  characteristic  of  the  growth  and  development  of 
nematodes  from  the  embryonic  to  the  adult  stage.     One  of  the  species 
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considered  in  the  present  paper  {Strongyloides  ovodnctv^,  p.  108), 
apparently  undergoes  successive  molts  in  the  adult  stage,  the  cast-off 
skins  serving  as  egg  cases. 

DIGESTIVE   SYSTEM. 

The  digestive  system  is  simple,  consisting  of  a  terminal  mouth  at 
the  anterior  end  of  the  body,  an  esophagus,  and  a  tubular  straight 
intestine  terminating  in  an  anus  which  is  either  terminal  at  the 
posterior  end  of  the  body,  or  subterminal,  on  the  ventral  surface  of 
the  body  near  the  posterior  end. 

MOUTH. 

The  mouth  is  very  small  in  some  species  and  relatively  very  large 
in  others.  The  species  with  small  mouths  have  small  heads  (figs. 
34,  65)  and  those  with  large  mouths,  large  heads  (figs.  2,  12).  In 
the  family  Ascarid»  the  mouth  is  suppUed  with  three  large  lips. 
The  head  may  be  provided  with  circum-oral  papillae;  in  the  family 
StrongylidaB  these  are  usually,  if  not  always,  6  in  number,  2  lateral 
and  4  submedian;  they  are  frequently  inconspicuous  in  species 
with  small  heads.  The  cuticle  surrounding  the  mouth,  as  for  ex- 
ample in  (Esophagostomumj  may  be  inflated,  forming  an  annular 
mouth  collar  (m.  c,  fig.  19).  The  genus  CJiahertia  is  characterized 
by  a  double  crown  of  small,  pointed  cliitinous  denticles  bordering 
the  mouth  (fig.  12).  In  (Esophagostomum  and  Eucyaihostomum  the 
mouth  is  provided  with  one  or  two  crowns  of  slender  leafrlike  processes 
attached  to  its  chitinous  frame  work  and  projecting  radially  inward 
and  forward.  In  the  genus  Haemonchua  the  small  mouth  is  suppUed 
with  a  tiny  lancet.  Some  of  the  large-mouthed  forms  have  teeth 
inside  the  buccal  capsule  (figs.  2,  7),  and  in  one  species,  Agriostomum 
vryburgi,  the  anterior  border  of,  the  mouth  bears  8  strong  recurved 
teeth  projecting  inward. 

ESOPHAGUS. 

In  the  TrichinelhdaB  the  esophagus  is  very  long,  consisting  of  a 
cord  of  cells  placed  end  to  end  in  a  single  row  pierced  through  the 
center  by  a  continuous  lumen.  In  the  other  families  the  adults  all 
possess  a  muscular  esophagus  (€«.,  fig.  2),  usually  claviform,  gradually 
enlarged  posteriorly.  The  free-Uving  generation  of  the  genus 
Strongyloides  is  characterized  by  an  esophagus  with  a  posterior  bulb 
(6.,  fig.  133)  which  contains  a  masticatory  apparatus  in  its  interior. 
This  is  a  common  characteristic  of  the  first  larval  stage  of  the  Strongy- 
lidse,  but  none  of  the  adult  nematodes  parasitic  in  the  alimentary  tract 
of  ruminants  so  far  as  known  possesses  an  esophagus  of  tliis  type. 
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INTESTINE. 

The  intestine  is  of  little  importance  from  the  standpoint  of  classifica- 
tion. In  the  male  it  unites  at  its  posterior  end  with  the  vas  deferens 
to  form  a  cloaca  whose  opening  serves  the  double  purpose  of  a  genital 
pore  and  anus. 

ANUS. 

The  anus  of  the  female  is  usually  removed  some  distance  from  the 
posterior  end  of  the  body  (aTi.,  fig.  5).  .  The  length  and  shape  of  the 
postanal  region,  which  may  be  termed  the  tail,  are  important  charac- 
ters in  distinguishing  the  females  of  closely  related  species  from  one 
another.  In  the  family  Trichinellidse  the  anus  is  practically  terminal 
in  both  sexes.  The  anus  of  the  males  of  the  family  Strongylidse  is 
terminal  or  almost  terminal.  In  the  AscaridsB  and  FilariidsB  the 
males  are  supplied  with  papillae  in  the  neighborhood  of  the  anus, 
some  preanal,  some  postanal,  which  are  of  importance  in  classifi- 
cation (fig.  129). 

NERVOUS   SYSTEM. 

A  nerve  ring  (n.  r.,  fig.  2)  whose  location  varies  somewhat  in 
different  species  surrounds  the  esophagus  usually  near  its  middle. 

REPRODUCTIVE   SYSTEM. 

The  sexes  are  always  separate  except  possibly  in  the  parasitic  gen- 
eration of  the  genus  Strongylmdes.  In  this  genus  there  is  a  free- 
Uving  sexual  generation  consisting  of  males  and  females,  but  the 
parasitic  generation  consists  only  of  egg-producing  individuals 
somewhat  different  in  structiu^e  from  the  females  of  the  free-living 
generation.  Though  these  individuals  may  be  interpreted  as  herma- 
phroditic forms,  they  are  more  likely  true  parthenogenetic  females, 
whose  eggs  develop  without  fertilization. 

The  genital  glands  and  ducts  of  nematodes  are  tubular,  very  long 
and  much  coiled  and  twisted,  loosely  attached  in  the  body  cavity 
and  comprising  most  of  the  bulk  of  the  viscera. 

MALE   BEPBODUCnVE   SYSTEM. 

The  males  are  usually  smaller  than  the  females  and  in  the  Strongy- 
lidje  may  be  readily  distinguished  from  the  latter  by  the  presence  of 
a  copulatory  bursa  at  the  posterior  end  of  the  body,  a  membranous 
structure  supported  by  rays  or  ribs,  and  serving  as  a  clasping  organ. 
The  testicle,  seminal  vesicle,  and  vas  deferens  form  a  single  continuous 
tubular  thread-like  structure,  very  tenuous  and  frequently  much 
coiled  and  twisted  in  its  proximal  portion,  and  thicker  and  straighter 
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in  its  distal  portion,  joining  the  intestine  to  form  a  cloaca  which  opens 
to  the  exterior  through  the  anus. 

The  intromittent  organs,  or  spicules,  and  the  bursa  present  charac- 
ters of  great  importance  from  the  standpoint  of  classification. 

SPICULES. 

The  males  of  all  the  species  of  nematodes  known  to  occur  in  the 
alimentary  tract  of  ruminants  with  the  exception  of  TrichineUa 
spiralis,  which  is  without  spicules,  possess  spicules  located  in  the 
posterior  portion  of  the  body.  The  spicules  are  composed  of  chitin, 
and  by  means  of  muscles  with  which  they  are  supplied  may  be 
exserted  through  the  anal  opening.  The  Trichurinae  have  but  one 
spicule  (sp.,  figs.  139,  148)  which  is  surrounded  by  a  prepuce-like 
sheath  (sh.,  figs.  139,  148)  that  is  evaginated  when  the  spicule  is 
exserted.  This  sheath  in  the  genus  Trichuris  is  armed  with  numerous 
spines.  In  the  genus  CapiUaria  it  is  unarmed  in  species  occurring 
in  ruminants.  Two  spicules  are  present  in  all  the  species  parasitic  in 
the  alimentary  canal  of  ruminants  belonging  to  families  other  than 
the  Trichinellidae.  In  the  Filariid®  one  of  the  spicules  is  short  and 
thick,  the  other  long  and  filiform  (fig.  129).  The  spicules  in  the 
Ascaridae  and  StrongyhdaB  are  equal  or  subequal  in  length.  In  the 
latter  family,  to  which  the  bulk  of  the  species  of  nematodes  parasitic 
in  ruminants  belong,  the  spicules  in  several  genera  are  relatively  long 
and  filiform  (sp.,  figs.  8,90),  in  others  short  and  more  or  less  compli- 
cated and  irregular  in  shape,  but  always  elongated  (sp,,  figs.  39,  79). 
The  long  filiform  spicules  are  usually  alate;  that  is,  supplied  with  one 
or  two  narrow  longitudinal  membranous  lamellae. 

In  the  genus  Nematodirus  the  two  spicules  are  united,  at  least  in" 
their  distal  portion,  by  a  membrane  (sp.,  fig.  89).  Many  species  have 
in  addition  to  the  spicules  a  third  chitinous  piece,  smaller  than  the 
spicules,  situated  just  dorsal  of  them,  usually  not  exsertile,  and  known 
as  an  accessory  piece,  or  gubemaculum  (gub.,  figs.  115,  116).  Spicules 
of  the  short  type  in  certain  species  are  divided  distally  into  two  or 
three  processes;  in  some  instances  these  processes  form  a  pincer-like 
apparatus  (fig.  63) 

BT7BSA. 

A  more  or  less  well-developed  bursa  (figs.  4,  25)  is  present  in  the 
males  of  all  species  of  Strongylidae.  A  small  bursa-like  structure  is 
present  in  the  genus  CapiUaria  (6.  m.,  figs.  148,  151),  supported  on 
each  side  by  a  short  leg-like  process.  In  the  Filariidae  there  are 
lateral  membranes  along  the  sides  of  the  posterior  end  of  the  body  of 
the  male  supported  by  several  pairs  of  stalked  papillae  (fig.  124). 
The  Ascaridae  have  papillae  on  the  tail  of  the  male,  but  no  lateral  mem- 
branes.    In  both  these  families  the  anus  is  some  distance  from  the 
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tip  of  the  tail.  The  males  of  the  genus  Trichuris  (fig.  139)  are  with- 
out a  bursa,  and  the  anus  is  terminal. 

The  bursa  in  the  Strongylid»  consists  of  three  lobes,  two  lateral 
and  one  dorsal,  supported  by  five  systems  of  rays,  a  right  and  left 
ventral  system,  a  right  and  left  lateral  system,  and  a  dorsal  system. 
The  dorsal  lobe  may  be  shorter  or  longer  than,  or  equal  in  length  to, 
the  lateral  lobes.  In  the  genus  Haemonchua  it  is  not  median  in  posi- 
tion but  attached  asymmetrically  to  one  of  the  lateral  lobes  (fig.  35). 
A  small  accessory  bursal  membrane  attached  to  the  posterior  end  of 
the  body  ventral  of  the  dorsal  lobe  is  present  in  the  genus  Ostertagia 
(a.  6.,  figs.  45,  56).  The  dorsal  lobe  in  the  genus  Nematodirus 
(figs.  89,  90)  is  very  short  and  divided  into  two  small  lobules,  located 
one  on  either  side  of  the  median  line. 

Each  ventral  system  of  rays  **  consists  of  two  rays,  designated  as 
ventro- ventral  (v.  v.,. fig.  25)  and  latero- ventral  (I,  v.,  fig.  25).  Each 
lateral  system  is  divided  into  three  rays,  designated  as  extemo- 
lateral  (e.  I.,  fig.  25),  medio-lateral  (m.  Z.,  fig.  25),  and  postero-lateral 
(p.  Z.,  fig.  25).  The  ventral  and  lateral  rays  support  the  lateral  lobes 
of  the  bursa.  Each  lateral  lobe  contains  also  a  ray  belonging  to  the 
dorsal  system,  known  as  the  extemo-dorsal  ray  (e.  d.,  fig.  25). 

The  dorsal  system  in  addition  to  the  paired  extemo-dorsal  ray 
consists  of  a  median  dorsal  ray  (d.,  fig.  25)  wliich  supports  the  dorsal 
lobe.  This  ray  may  extend  nearly  the  entire  length  of  the  dorsal 
lobe  unbranched  (fig.  10),  terminating  m  a  digitate  tip,  or  may  divide 
into  two  main  branches,  each  of  which  may  give  off  subbranches  on 
its  inner  or  outer  side  (L  d.,  fig.  45)  or  terminate  in  a  digitate  tip  (<.  d,, 
fig.  66).  The  extemo-dorsal  ray,  already  mentioned,  in  some  species 
comes  off  from  the  stem  of  the  dorsal  ray  (e.  d.,  fig.  25),  in  others 
originates  at  its  base  (e.  d.,  fig.  113).  In  NematodirtLS  the  unpaired 
median  ray  is  lacking,  but  is  represented  by  two  dorsal  rays  (cZ.,  figs. 
89,  90),  each  supporting  one  of  the  lobules  of  the  dorsal  lobe.  In 
Hsemonchua  the  dorsal  ray  is  entirely  displaced  to  one  side  of  the 
median  line  (<Z.,  fig.  35).  In  Monodontus  trigonoceplialus  and  M.  pJde- 
hotomus  (figs.  3,  8)  the  dorsal  ray  (cZ.)  extends  backward  on  one  side  of 
the  median  line,  dividing  distally  into  three  branches,  one  correspond- 
ing to  the  extemo-dorsal  ray  (e.  d.  Z.)  and  two  {t.  d,)  corresponding 
to  the  usually  symmetrical  main  branches  of  the  dorsal  ray.  The 
other  extemo-dorsal  ray  {e,  d.  r.)  in  these  two  species  takes  its  origin 
at  or  near  the  root  of  the  dorsal  ray. 

The  tips  of  the  ventral,  lateral,  and  extemo-dorsal  rays  form  small 
papUlse  on  the  outer  or  inner  surface  of  the  bursa,  those  of  the  extemo- 
dorsal  and  extemo-lateral  rays  on  the  outer  surface,  the  others  on  the 
inner  surface. 

o  Different  authors  have  applied  different  names  to  the  various  rays  supporting  the 
bursa.    In  the  present  paper  the  plan  proposed  by  Looes  (1905o)  is  followed. 
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A  pair  of  prebursal  papillae  (p,  b,  p.,  fig.  20)  projecting  from  the 
lateral  lines  of  the  body  and  situated  just  in  front  of  the  base  of  the 
bursa  is  commonly  present  in  the  Strongylidae. 

The  bursa  is  of  special  importance  in  the  identification  of  species, 
because  as  a  rule  the  details  of  its  structure  may  be  readily  made  out. 
In  some  species  the  bursa  may  be  easily  spread  out  flat;  in  others  it 
is  very  difficult  to  prepare  specimens,  especially  preserved  specimens, 
so  that  the  bursal  characters  can  be  determined.  In  many  instances, 
however,  when  the  bursa  can  not  be  spread  out  easily,  a  side  view 
may  be  obtained  from  which  sufficient  may  be  seen  to  make  possible 
the  identification  of  the  species. 

FEMALE    REPRODUCTIVE   SYSTEM. 

The  females  may  be  distinguished  from  the  males  of  the  same 
species  by  their  usually  somewhat  larger  size,  by  the  presence  of  eggs, 
and  the  possession  of  a  vulva  on  the  ventral  surface  of  the  body  some- 
where between  the  mouth  and  the  anus,  its  position  varying  in  dif- 
ferent species.  As  in  the  male,  the  reproductive  glands  and  ducts 
form  tubular  thread-like  structures.  In  all  of  the  nematodes  occur- 
ring in  the  alimentary  tract  of  ruminants,  except  the  Trichinellidae, 
there  are  two  ovaries  and  two  uteri.  The  uteri  unite  to  form  a 
single  vagina,  which  opens  tlirough  the  vulva. 

VULVA. 

Different  species,  genera,  and  families  differ  with  respect  to  the 
location  and  shape  of  the  vulva.  In  the  Trichinellidae  (*,  figs.  138, 
147,  150)  it  is  situated  just  back  of  the  posterior  end  of  the  esophagus 
at  the  juncture  of  the  slender  anterior  portion  of  the  body  and  the 
thicker  posterior  portion.  The  vulva  in  the  Strongylidae  (*,  figs. 
1,  11,  33)  is  usually  behind  the  middle  of  the  body,  in  some  genera 
close  to  the  anus.  Its  shape  varies,  but  it  is  commonly  elongated, 
usually  transversely,  sometimes  longitudinally,  and  occasionally  it 
is  elongated  in  a  diagonal  direction.  It  is  sometimes  situated  on  a 
protuberance  (vul.j  fig.  27).  Its  lips  may  be  salient,  often  vesicular. 
In  some  cases  the  vulva  is  covered  by  a  more  or  less  conspicuous 
backward  projecting  process  (lab.,  figs.  36,  42),  which  may  be  small 
and  thin,  or  large,  tliick,  and  very  prominent,  as  in  Ilsemonchus, 

VAGINA. 

In  the  Tricliinellidae  the  exact  ])oint  at  wliicli  the  uterus  ends  and 
the  vagina  begins  is  not  readily  determined,  but  in  the  other  families 
the  vagina  is  readily  identified  as  that  portion  of  the  genital  system 
extending  from  the  juncture  of  the  two  uteri  to  the  vulva.  In  many 
cases  it  is  very  short  and  practically  nil  (vag,,  fig.  22),  but  in  some 
species  in  which  the  males  have  long  spicules  it  is  correspondingly 
developed  to  a  considerable  length  (vag,,  fig.  32). 
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UTERUS  AND  OYABT. 


As  already  noted,  in  all  forma  parasitic  in  the  alimentary  tract  of 
ruminants  except  the  Trichinellidse,  there  are  two  uteri  and  two 
ovaries.  The  terminal  portions  of  the  uteri  in  the  StrongyUdae  are 
modified  at  their  juncture  to  form  structures  known  as  ovijectors 
(ovij.y  fig.  42).  Commonly  three  portions  may  be  recognized  in  each 
ovijector,  first,  a  cylindrical  muscular  portion  fused  end  to  end  with 
the  corresponding  portion  of  the  other  ovijector  (ovij.  1);  second,  a 
short  bulbous  sphincter-like  muscular  portion  (ovij.  2),  and  third,  a 
narrower  cylindrical  nonmuscular  portion  (amj.  3)  which  joins  the 
end  of  the  uterus  proper  (ut.). 

The  ovaries  are  usually  very  long,  narrower  than  the  uteri,  much 
coiled  and  twisted,  and  portions  of  them  may  be  wound  spirally 
about  the  intestine  (or.,  fig.  132). 


■aos. 


The  eggs  (e.,  figs.  27,  136)  of  all  the  nematodes  parasitic  in  the 
alimentary  tract  of  ruminants  are  oval  or  elUpsoidal  in  shape,  and 
except  in  the  Trichurinse  the  shells  are  imperforate.  In  this  sub- 
family (figs.  140,  149)  there  is  a  perforation  at  each  pole  of  the  egg 
closed  by  a  plug-like  operculum,  and  outside  the  chitinous  shell  there 
is  a  thin  albuminous,  layer,  smooth  or  with  little  projections.  This 
outer  albuminous  layer  is  more  conspicuous  in  the  Ascaridse;  the 
thick-shelled  eggs  with  an  outer  albuminous  layer  w^hose  surface  is 
roughened  by  numerous  mammillate  projections  are  very  character- 
istic of  the  genus  Ascaris. 

In  the  Filariidae,  StrongyUdee,  and  Angiostomidse  the  eggs  usually 
have  very  thin  shells,  their  size  (length)  ranging  from  40/(  in  Stron- 
gyloides  to  260/£  in  Nematodirus.  Most  species  have  eggs  whose 
diameter  is  less  than  100/£.  In  Gongylonema  the  egg  may  contain 
a  vermiform  embryo  when  deposited,  but  in  most  genera  the  eggs 
when  laid  are  in  earlier  stages  of  segmentation.  The  eggs  of  Stron- 
gyloides  by  the  time  they  reach  the  outside  world  in  the  feces  of  the 
host  frequently  contain  vermiform  embryos,  but  the  eggs  of  most 
species  pass  out  of  the  body  of  the  host  before  the  embryos  have 
developed  beyond  the  so-called  morula  stage.  An  unusual  condition 
relative  to  the  eggs  is  met  with  in  Strongyloides  ovocinctus.  Here  the 
eggs  after  deposition,  instead  of  occurring  isolated  among  the  intes- 
tinal contents  of  the  host,  are  arranged  in  strings  (fig.  137).  Each 
string  seems  to  be  composed  of  the  cast-off  cuticle  of  an  adult  worm, 
packed  with  eggs.  The  adult  worm  apparently  undergoes  successive 
molts  and  the  eggs  (€.,fig.  136)  as  they  pass  out  of  the  vulva  lodge 
beneath  the  loosened  outer  cuticle,  in  which  they  remain  when  the 
worm  abandons  it. 
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DESCRIPTION  OF  NEMATODES  FABASITIC  IN  THE  ALDCENTABY 

TBACT  OF  BUHINANTS. 

According  to  the  system  of  classification  followed  in  the  present 
paper,  any  species  of  nematode  known  to  occur  in  the  alimentary 
tract  of  ruminants  may  be  placed  in  one  of  five  families.  The 
family  to  which  any  given  specimen  belongs  may  be  determined  by 
comparison  with  the  following  key : 

KEY  TO  FAMILIES   OP  NEMATODA. 

1.  Body  at  iU  middle  more  than  2  mm.  in  thickness Ascaridse,  p.  24 

Body  at  its  middle  less  than  2  mm.  in  thickness 2 

2.  Males  lacking;  parthenogenetic  females  with  few  eggs  in  uterus  (not  over  25); 

small  slender  forms  not  over  6  mm.  long Angiostomidee,  p.  104 

Dioecious,  both  males  and  females  being  distinguishable;  females  usually  with 
numerous  eggs  in  uterus 3 

3.  Male  with  a  single  spicule,  or  without  spicules;  female  with  a  single  uterus  and . 

ovary;  eggs,  in  oviparous  species,  with  an  opening  at  each  pole  closed  by  a 

plug-like  operculum Trichinellidae,  p.  110 

Male  with  two  spicules;  female  with  double  uterus  and  two  ovaries;  eggs  without 
polar  openings  in  the  shell 4 

4.  Male  with  unequal  spicules,  one  short,  and  one  much  longer Filariidse,  p.  99 

Male  with  equal  or  subcqual  spicules Strongylidse,  p.  26 

Family  ASCARIDyE  Cobbold,  1864. 

Family  diagnosis. — Nematoda:  Mouth  usually  surrounded  with  three  lips  which 
are  often  supplied  with  papillae.  One  lip  median,  dorsal,  the  other  two  submedian, 
ventral,  touching  one  another  in  the  ventral  median  line.  Males  provided  with  two 
spicules.  Females  with  a  double  ovary,  oviparous.  Development,  so  far  as  known, 
direct,  without  intermediate  host. 

Type  genus. — Ascaris  Linnaeus,  1758. 

KEY  TO    GENERA   OP  ASCARIDA. 

One  genus  in  ruminants Asoaris,  p.  24 

Genus  ASCARIS  Linn»us,  1758. 

175S:  Ascaris  Linnaeus,  1758a,  pp.  644,  648. 
1780:  Stomachida  Pereboom,  1780a,  pp.  1-24. 
1800:  Fusaria  Zeder,  1800a,  pp.  6, 16-68. 
1821:  Lombricoides  M6rat,  1821a,  p.  225. 

Generic  diagnosis. — Ascaridae  (p.  24):  Mouth  with  three  well-developed  lipp, 
which  generally  have  denticulated  borders.  Male  with  two  equal  spicules,  and  with 
numerous  papillae  on  the  ventral  surface  of  the  body  in  front  of  and  behind  the  anus. 
Vulva  of  female  near  or  in  front  of  the  middle  of  the  body.  Shell  of  egg  thick,  with 
surface  of  outer  albuminous  layer  raised  in  numerous  mammillate  projections. 

Type  species. — Ascaris  lumbricoides  liinnaeus,  1758. 

Two  species  of  Ascaris  are  recognized  as  parasites  of  ruminants. 
These  may  be  distinguished  by  the  following  key : 
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KEY  TO   SPECIES   OP  ASCARTS. 

Parasitic  in  sheep;  male  7  to  15  cm.  long,  female  8  to  15  cm.  long.  .Ascaris  ovis,  p.  26 
Parasitic  in  cattle;  male  15  to  25  cm.  long,  female  22  to  30  cm.  long. 

Ascaris  vitulorum,  p.  25 

Ascaris  ovis  Rudolphi,  1819. 

1819:  Ascaris  ovis  Rudolphi,  1819a,  p.  54  (from  intestine,  Ovis  domestica  [—0.  caries]). 

Specific  diagnosis. — Ascaris  (p.  24):  Male  7  to  15  cm.  long  by  2  mm.  in  maxi- 
mum thickness.  Ventral  surface  of  tail  with  two  rows  of  45  to  50  papillse  each. 
Three  pairs  of  these  papillse  are  postanal,  and  there  is  one  unpaired  papilla  near  the 
extremity  of  the  tail. 

Female  8  to  15  cm.  long,  thicker  than  the  male.  Vulva  toward  the  anterior  third 
of  the  body. 

Host. — ^*Sheep  {Oris  aries). 

Location. — Small  intestine. 

Localities  collected. — Europe,  United  States. 

This  species  is  of  rather  rare  occurrence.  It  has  been  seen  a  number 
of  times  in  Europe.  Curtice  (1890c,  p.  151)  reports  the  finding  of  an 
Ascaris  in  sheep,  which  he  identifies  as  Ascaris  lumbricoides.  The 
Bureau  of  Animal  Industry  collection  contains  specimens  of  Ascaris 
collected  from  sheep  at  Blairsville,  Pa.,  at  Brookings,  S.  Dak.,  and 
at  Bethesda,  Md. 

It  is  considered  questionable  by  some  authors  whether  Ascaris 
ovis  represents  a  distinct  species,  or  whether  it  is  simply  Ascaris 
lumbricoides  (man)  or  Ascaris  suum  (pig)  in  an  unusual  host. 

Ascaris  vitulorum  Goeze,  1782. 

1782:  Ascaris  vitulorum  Goeze,  1782a,  p.  72  (from  Bos  taurus,  Europe). 
1790:    iscaris  vituli  Gmelin,  1790a,  p.  3032  (in  part). 

Specific  dla.gnosi8. — Ascaris  (p.  24):  Lips  without  papillae,  narrowed  anteriorly. 
Tail  terminated  by  a  mucronate  conical  tip.  Esophagus  followed  by  a  rudimentary 
ventricle. 

Mak  15  to  25  cm.  long  by  3  mm.  in  maximum  thickness.  Ventral  surface  of  tail 
supplied  with  two  irregular  rows  of  10  to  15  papillse  each,  all  preanal. 

Female  22  to  30  cm.  long  by  5  mm.  in  thickness.  Vulva  toward  the  anterior  sixth 
of  the  body.    Eggs  75  to  80  /i  in  length. 

Hosts. — ^*  Cattle  (Bos  iaurus)]  zebu  {Bos  iridicus). 

Location. — Small  intestine,  occasionally  fourth  stomach. 

Localities  collected. — Europe,  Japan,  Ceylon,  West  Indies. 

This  parasite  seems  to  be  more  common  in  calves  than  in  adults. 
The  Bureau  of  Animal  Industry  collection  contains  specimens  col- 
lected in  Antigua  and  in  Cuba.  Schneider  (1866a,  p.  36)  reports  an 
Ascaris  from  a  cow  which  may  possibly  belong  to  the  species  A. 
vitulorum.  Schneider,  however,  identifies  it  as  Ascaris  megalocephala 
(=-4.  equorum)j  a  species  of  common  occurrence  in  the  horse.  Neu- 
mann (1892a,  p.  404)  states  that  ascarids  in  cattle  may  cause  local 
inflammation  of  the  intestinal  mucosa,  and  colic,  and  exceptionally 
may  cause  a  rupture  of  the  intestine  when  present  in  large  numbers. 
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Family  STRONG YLID^   Cobbold,  1864. 

Family  diagnosis. — Nematoda:  Head  with  six  more  or  less  distinct  circumoral 
papillae.  Buccal  capsule  present  or  absent,  may  be  armed  with  teeth  in  its  interior. 
Esophagus  without  posterior  bulb.  Males  with  two  equal  or  subequal  spicules,  and 
with  a  more  or  less  well  developed  caudal  bursa,  each  lateral  lobe  of  which  is  usually 
supplied  with  six  supporting  rays.  Females  with  two  ovaries;  vulva  may  be  in  front 
of  the  middle  of  the  body,  but  is  usually  behind  the  middle.  Oviparous.  Develop- 
ment, so  far  as  known,  direct,  without  intermediate  host. 

Type  genu.s. — Strongylua  Mueller,  1780. 

Two  subfamilies  may  be  distinguished  in  this  family. 

KEY  TO   SUBFAMILIES   OF  STRONQYLIDiE. 

Mouth  cavity  enlarged  to  form  a  buccal  capsule;  diameter  of  head  over  75  ii. 

Strongylinse,  p.  26 

Mouth  cavity  very  small,  not  enlai^gcd  to  form  a  buccal  capsule;  diameter  of  head 

less  than  75  /i Metastrongylina,  p.  47 

SubfHinily  STJRO]S"G-YL.IN-J2E  Railliet,  1893. 

Subfamily  diaonosis. — Strongjlidae  (p.  26):  Mouth  cavity  enlarged  to  form  a 
buccal  capsule  which  may  or  may  not  be  pro\'ided  with  teeth  in  its  interior. 
Type  genus. — Strongj/lus  Mueller,  1780. 

Five  ^.genera  belonging  to  the  subfamily  StrongylinaB  are  repre- 
sented among  the  nematodes  parasitic  in  the  alimentary  tract  of 
ruminants. 

KEY  TO   GENERA   OF  STRONG YLINiE. 

1.  Buccal  capsule  armed  with  strong,  recurved  chitinous  teeth  at  its  entrance. 

Agriostomum^  p.  27 

Buccal  capsule  without  teeth  at  its  entrance,  may  be  supplied  with  teeth  or 

lancets  at  its  base 2 

2.  Buccal  capsule  small  (les.s  thlin  three-fourths  the  diameter  of  the  head);  its  chiti- 

nous framework  supplied  on  its  inner  sur&ce  with  one  or  two  crowns  of  delicate 
chitinous  leaf-like  processes  which  project  forward  and  inward ;  cuticle  surround- 
ing the  mouth  usually  inflated  to  form  an  annular  mouth  collar,  sharply  limited 

behind  by  a  deep  constriction 4 

Buccal  capsule  large  (more  than  three-fourths  the  diameter  of  the  head);  mouth 
opening  not  surrounded  by  a  vesicular  mouth  collar 3 

3.  Buccal  capsule  very  large,  without  teeth  or  lancets  in  its  interior;  border  of  mouth 

armed  with  a  double  crown  of  numerous  small  triangular  processes  or  den- 
ticles   , Chabertia,  p.  36 

Buccal  capsule  supplied  at  its  base  with  a  strong  dorsal  tooth  projecting  forward 
into  its  cavity,  and  with  2  or  4  ventral  teeth  or  lancets MonodontuSy  p.  27 

4.  Buccal  capsule  longer  than  broad;  medio-lateral  and  postero-lateral  rays  of  male 

bursa  diven::ent EucyaOiostomum^  p.  38 

Buccal  capsule  broader  than  long;  medio-lateral  and  postero-lateral  rays  of  male 
bursa  close  together,  parallel (Esophagostomum^  p.  40 

o  Including  Gaigeria  there  are  six  genera.     See  Addendum,  p.  124. 


DESCRIPTION.  27 

Genus  AGRIOSTOMX7M  RaiUiet,  1902. 

1902:  Affriostomum  Railliet,  1902b,  pp.  107-108,  110. 

Generic  diagnosis. — Strongylinse  (p.  26):  Buccal  capsule  rather  deep,  commuiii- 
cating  with  the  esophagus  by  a  wide  opening  at  its  base.  Buccal  capsule  without 
teeth  or  lancets  at  its  base,  but  surrounded  at  its  entrance  by  a  chitinous  ring 
armed  with  strong,  recurved,  hook-like  teeth.  Cephalic  extremity  bent  dorsally, 
supplied  anteriorly  with  a  projecting  cuticular  plate,  which  apparently  forms  the 
boundary  of  the  mouth. 

Type  species. — Affriostomum  vryhurgi  Railliet,  1902. 

-* 

KEY   TO    SPECIES   OF  AORIOSTOMUM. 

One  species Affriostomum  vryhwrffi^  p.  27 

Agriostomum  vryburgi  Railliet,  1902. 

1902:  AffriostoTnum  iryburffi  Railliet,  1902b,   pp.    107-108  (from  duodenum,   Bibos 

indicus  [=Bos  indicus]^  Sumatra). 

Specific  diagnosis. — Affriostomum  (p.  27):  Body  cylindroidal,  whitish  in  color, 
slightly  attenuated  at  the  ends.  Striation  of  the  cuticle  very  delicate,  scarcely  per- 
ceptible. Two  delicate  cervical  papillae  at  the  level  of  the  nerve  ring,  each  con- 
sisting of  a  short,  bluntly  pointed  process  upon  a  cylindrical  stalk.  Cephalic 
extremity  slightly  inflated  at  the  level  of  the  buccal  capsule.  Buccal  capsule  ovoid, 
with  chitinous  ring  at  its  anterior  border  armed  with  8  strong  recurved,  hook-like 
teeth,  symmetrically  placed  on  each  side;  the  two  first  (ventral)  very  close  together, 
the  two  last  (dorsal)  with  points  facing  one  pother,  and  with  a  rather  large  interval 
between  their  bases.  The  third  on  each  side  is  apparently  the  most  developed,  the 
fourth  or  dorsal  the  least  developed.  Although  the  cuticle  is  not  inflated  in  the 
cervical  region  to  form  a  vesicular  swelling,  yet  at  some  distance  behind  the  buccal 
capsule  there  is  present  a  ventral  groove  similar  to  that  found  in  the  oesophagostomes. 

Male  9.2  mm.  long,  300  /£  thick.  Bursa  short,  rather  narrow,  lobed.  Spicules 
equal,  slightly  swollen  at  their  base,  alate  and  transversely  striated,  840  fi  long. 

Female  14.5  to  15.5  mm.  long,  450  fi  thick  near  the  middle.  Tail  very  short, 
thick,  blunt;  anus  150  /i  from  its  tip,  upon  a  slight  protuberance;  vulva  470  fi  from 
its  tip,  upon  a  more  prominent  protuberance.  Eggs  ellipsoidal  or  subcylindrical,  170 
to  195  ft  long  by  60  to  92  fi  wide,  in  process  of  segmentation  when  deposited. 

Host. — Zebu  {Bos  indicus). 

Location  . — Duodenum . 

Locality  collected. — Sumatra. 

This  species  has  been  collected  by  Dr.  Vrijburg,  veterinarian  at 
Deli,  Sumatra,  and  described  by  Railliet  (1902b)  from  whom  the 
above  description  and  the  diagnosis  of  the  genus  of  which  it  is  the 
type  are  taken. 

Genus  MONODONTUSa  Molin,  1861. 

1861:  Monodontus  Molin,  1861a,  pp.  435,  463-470. 

1902:  Bunostomum  Railliet,  1902b,  pp.   108-109,   110  (type  species,   Bunostomum 

triffonoeephalum  [Rudolphi,  1808]). 

Generic  diagnosis. — Strongylinse  (p.  26):  Cuticle  transversely  striated.  Buccal 
capsule  siipplied  at  its  base  with  a  strong  dorsal  tooth  projecting  forward  into  its 
cavity,  and  with  two  or  four  ventral  lancets;  and  supplied  ventrally  at  its  entrance 


a  See  Addendum,  p.  124. 
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with  two  hijhly  refract iie  chitinouzi  pie<*e:«,  continuing  aa  two  thin  pUites  with 
rounded  edtfe^,  alm<je^t  conti»aiou:i  at  their  inner  border,  and  joining  along  their  outer 
border  with  two  doraal  pUtee.  likewi^^e  thin  with  rounded  ed<!e;$,  in  such  a  manner 
that  the  outline  of  theee  struct uret?  forms  a  sinuous  and  continuous  line.  Six  ciicum- 
oral  papiUs;  two  latend,  each  with  a  slender  proloni:ation  upon  the  doiaal  platen, 
and  four  iqibmedian,  the  dor^  submedian  papilbe  shorter  than  the  ventral.  Cephalic 
extremity  curved  dorsally.  C^r\'ical  papiUs  ?hort  and  obtu:?e. 
Type  species. — MonrtdorUus  temicircularis  Molin,  1S61. 

Three  species  of  Monodontus  are  recognized  among  the  nematodes 
of  ruminants.  With  regard  to  one  of  these,  Monedontus  longedmUus, 
it  is  questionable  whether  it  properly  belongs  in  this  genus  in  view  of 
the  fact  that  the  dorsal  ray  in  this  species  is  unbranched,  whereas  in 
Monodontus  semicircularis  (the  type  of  the  genus),  as  described  and 
figured  by  Molin  (1861a),  the  dorsal  ray  divides  into  two  prominent 
branches.  Until,  however,  more  is  known  relative  to  the  details  of 
structure  in  the  type-species  of  Monodontus  and  in  J/,  longecirratus 
it  is  considered  advisable  to  retain  the  latter  in  the  genus  Monodontus. 

RaiUiet  has  proposed  the  name  Bunostomum  to  replace  Monodontus 
on  account  of  the  existence  of  very  similar  eariy  generic  names, 
Monodon  Linnseus,  Monodonta  Lamarck,  and  Monodonies  Montf. 
Under  the  International  Code  of  Zoological  Nomenclature  Monodontus 
MoUn  is  not  invaUdated  by  any  of  these  three  names  in  spite  of  their 
great  similarity  in  speUing.  Bunostomum  may  be  recognized  if  it  can 
be  shown  that  Monodontus  semicircularis  and  M.  trigonocfphdlus  are 
sufliciently  thfferent  to  warrant  placing  them  in  separate  genera,  but 
at  present  our  knowle<lge  of  the  former  species  is  too  incomplete  to 
justify  the  separation. 

KEY   TO    SPECIES    OF    MONOlKJNTrS. 

1.  Donul  ray  of  bursa  of  male  mtnlian  with  tridigitate  tip:  extemo-dors&l  ray  originates 

at  the  ba.*<e  of  the  dorsal  ray:   male  IS  mm.  lon<r*  female  23  mm.  long. 

Monodontus  hngecirratus,  p.  34 

Dorsal  ray  of  bun^  asymmetric^ally  situated  on  the  left-hand  side  of  the  median 

line:    ri<:ht  extemo-ilorsal  ray  oriirinaies^  from  the  stem  of  the  dorsal  ray  at  or 

near  it-j  ba-H»:  dL-ially  the  dorsal  ray  divides  into  3  branchy,  namely,  the  right 

exterao-dorsal  ray,  and  two  terminal  branches  with  tridiptale  tips 2 

2.  Dorsal  burral  tooth  Ions;:   Ion  nth  of  its  dorsal  bonier  greater  than  the  distance  from 

itc»  tip  to  the  openin?  of  the  mouth:   2  ventral  buci^al  teeth:   spicule:?  of  male 
600  to  640'e  long:   male  12  to  17  mm.  long,  female  19  to  26  mm.  long. 

M'tntMitnitus  /n<7»>«'>or/»A<i/u»,  p.  28 

Dorsal  buccal  to^ih  short:    lenirth  of  its  dorsal  bonier  lesss  than  the  distance  from 

its  tip  to  the  op>enin?  of  the  mouth:   2  ventral  buix^al  teeth,  and  2  sub  ventral 

buc<'al  t«vih  or  lancets:  spicules  of  male  3.o  to  4  mm.  Ion*::   male  10  to  12  mm. 

long,  female  16  to  19  mm.  long MoniyJontus  phUbotomus,  p.  31 

Monodontus  trigonocephalus o  (  Rudolphi.  isa>i  Railliet,  1900. 

ISOS:  Strong'jius  trigoniM-fphiihts  Rudolphi,  ISOSa,  pi.  2.  figs.  5-6:  ISOOa,  pp.  231-232 
■  ba>e<l  on  spe<Mraens  s;nd  to  have  been  collivteil  from  the  stomach  of  a  dog).* 

^  See  -\ddendum,  p.  124. 

f>  Apparently  the  s^Hvimon-*  were  impn>j>erly  labellovl.  as  Railliot  has  pi-iinted  out,  or 
perhaps  the  do.;  iVoni  whii^h  the  sjHvimens  were  colUvt^Hl  had  just  e:iten  the  intestines 
of  an  infesictl  sheep. 
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Fro.  l.—  Monoiimtua  triffojutcephaltLt.  Uakat  rlghl^  reniate  &r 
left.    •VulvH.   X  S.   (OrlfTlDBl.) 

no.  2.— JfimodiHUui  IrigofioafAaliti.  ADlcrlor  end  at  bod; 
viewed  Irom  right  atdt.  *.  (.,  dorsal  buccal  tooth;  *,  p.,  ei- 
crelorj  pore;  «.,  oophngua;  in/.,  Intfstlne:  n,  r.,  nerve  ring; 
e.l.,  venlnL  buccal  tooth,    x  75.    (Original.) 

Fro.  3. —  Monodontui  trlgonocepAalua.  Bursa  of  male  spread 
oat.  Dorsal  view,  d.,  donalra;:  c.  d.  I.,  leftexUnuHlonBl 
ray;*,  i.  r., right  eiterno-dorsal  ray;r.  (.,eiternq-lateraliar; 

iB.I.,niedio-l«t*ral  ray;  p.I.,po3lenj-la»rHlray;  l.d., terminal 
blBDCh  of  dorsal  lay;  c.  i..  venlroveutral  la;.  X  75. 
(OrlElnaL} 
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1829:  StTongt/tu*  cemuus  Creplin,  1829b,  pp.  9-10  (from  Ovit  arict). 

1845:  ScUrottama  hyposlomum  (Rudolphi)  Dujardin,  1845a,  pp.  255-257  (in  part). 

1851:  Dodmius  hypoatomus  (Rudalphi)  Dieting,  185U,  p.  301  (in  part). 

1861:  MonodonlM  wedlii  Molin,  1861a,  pp.  467-169. 

1868:  i)ocAmiw»  OTTiuun  (Creplin)  Baillet,  ISGSa,  pp,  547-557. 

1885:   Undnaria  cemua  (Creplin)  Railliet,  1885ft,  p.  362,  fig.  254. 

1900:  Slrongylut  ( .Vonodontwi)  cernuus  (Creplin)  Railliet,  1900d,  p.  86. 

1900:   Un^inaHa  ( Monodontus)  (^emua  (Creplin)  Railliet,  1900d,  p.  87. 

1900:   Monodonlui  tngonocephalut  (Rudolphi)  Railliet,  1900d,  p.  87. 

1902:  Btinoitomum  trigonorrphnlum  (Rudolphi)  Railliet,  1902b,  p.  108. 


eilerao-doml    raj;  (.  d.  r..  rlRht  sxtsrao-dorssl  tine;  t"-'  o*"y-    X  .S.    (Original.) 

ny;  f .  I.,  pxtemolateral  ray;  Z.  r.,  tnickof  rajsof 
lateral  lobe:  m.  I,,  medlo-latfral  ray;  p.  I.,  postero- 
laifral  ray;  fp.,  spicules;  '.  cf.,  lermliuil  branch  of 
doisaJray;  ■'..venlral  isys.    x  7fi.    (OriglnaL) 

Specific  diaomobis. — UonodonCut  (p.  27):  Diameter  of  head  (dome- ventral)  150  U> 
200)11.  Dorsal  buccal  tooth  long  (d.  t.,  fig.  2) ;  length  of  its  donsal  border  greater  than 
.  the  distance  from  its  tip  to  the  opening  of  the  mouth.  Two  short  ventral  buccal 
teeth  or  lancetfl  (v.  t.,  flg.  2);  di.-tance  from  the  baae  of  the  buccal  capsule  lo  the  tips 
of  these  teeth  much  less  than  the  distance  (o  the  tip  of  the  dorsal  tooth.  Esophagus 
{e>.,  Gg.  2)  0.8  U>  1.25  mm.  in  length.  Cervical  papillae  slightly  in  front  of  the  middle 
of  the  esophagu-i. 

Male  12  to  17  mm,  long,  allghtly  less  than  0.5  mm.  in  tbicknas,".  Bursa  (figs.  3,  4) 
funuel  shaped ;  dorsal  median  lobe  somewhat  shorter  than  the  lateral  lobes.  Ventral 
and  lateral  rays  come  off  from  a  laige  common  trunk  (!.(.,  figs.  3,4),  that  of  the  left  aide 
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lai^ger  than  that  of  the  right.  The  two  ventral  rays  (v.  v.y  I.  v.,  fig.  3;  v.,  fig.  4)  are 
long  and  slender,  separated  by  a  narrow  cleft  except  in  their  proximal  portion  where 
they  are  united,  taking  origin  from  the  ventral  side  of  the  common  trunk  at  a  point 
more  than  half  way  from  its  root  to  the  origin  of  the  extemo-lateral  ray.  The  extemo- 
lateral  ray  (e.  l.y  figs.  3,  4)  diverges  widely  from  the  other  two  lateral  rays,  and  is 
curved  ventrally,  while  the  latter  are  curved  dorsally.  The  postero-lateral  (p.  I., 
figs.  3,  4)  and  medio-lateral  rays  (m.  I.,  figs.  3,  4)  diverge  somewhat  from  one  another, 
and  the  former  is  a  little  longer  than  the  latter,  so  that  its  tip  lies  nearer  the  border  of  the 
bursa.  Distance  between  the  tips  of  the  medio-lateral  and  extemo- lateral  rays 
slightly  greater  than  that  between  the  latter  and  the  tips  of  the  ventral  rays.  Doraed 
ray  {d.,  figs.  3, 4)  asymmetrically  branched.  -A  long  slender  extemo-dorsal  ray  (e.  d.  r., 
figs.  3,  4)  comes  o£f  from  the  stem  of  the  dorsal  ray  near  its  root,  on  the  right  side. 
The  stem  of  the  dorsal  ray  extends  backward  on  the  left-hand  side  of  the  median  line 
and  a  little  more  than  half  way  between  its  root  and  the  posterior  border  of  the  median 
dorsal  lobe  of  the  bursa,  forks  into  three  branches,  namely,  the  left  extemo-dorsal  ray 
{e.  d.  l.y  figs.  3,  4),  and  two  branches  (t.  d.,  figs.  3,  4)  which  terminate  at  the  posterior 
border  of  the  dorsal  median  lobe  of  the  bursa,  each  in  three  usually  unequal  digitations. 
Spicules  (sp.y  fig.  4)  600  to  640/x  long  by  about  30/t  in  diameter  near  their  proximal 
end,  gradually  attenuated  to  a  sharp  point  posteriorly,  slightly  twisted,  alate. 

Female  19  to  26  mm.  long  by  0.5  to  0.75  mm.  in  maximum  thickness.  Posterior 
end  of  body  (fig.  5)  gradually  attenuated,  tail  thick,  short,  with  blunt,  rounded  tip. 
Anus  (an.,  fig.  5)  250  to  275/t  from  tip  of  tail.  Vulva  elliptical,  transversely  elon- 
gated, with  narrow  lips,  usually  not  salient,  situated  a  little  more  than  one-third  the 
length.*of  the  body  from  the  anterior  end.  Vagina  short,  less  than  200/t  in  length, 
may  be  bent  S-like.  Combined  length  of  the  muscular  portions  of  the  two  ovijectors 
at  least  450;i.  Eggs  ellipsoidal,  75  to  83jei  long  by  38  to  45/£  wide,  in  course  of  segmen- 
tation when  deposited. 

Hosts. — ^*Sheep  {Ovis  ones);  *goat  (Capra  hircus);  chamois  (Rupicapra  rupicapra). 

Location. — Small  intestine. 

Ix)GALrnB8  COLLECTED. — Europe,  United  States. 

• 

Monodantus  trigonoceplhalus  is  a  frequent  parasite  of  sheep  in  the 
southern  United  States  and  has  been  found  as  far  north  as  New 
York.  It  is  common  among  sheep  in  the  ijeighborhood  of  Wash- 
ington, D.  C.  It  is  a  blood  sucker,  and  when  numerous  is  no  doubt 
responsible  for  considerable  injury  to  its  host. 

Its  life  history  is  presumably  similar  to  that  of  the  hookworm  of 

man;  that  is,  it  undergoes  a  direct  development  without  intermediate 

host. 

Monodontus  phlebotomus  a  Railliet,  1900. 

(Figs.  6-9.) 

1803:  Strongylus  radiatus  Rudolphi,  1803a,  pp.  13-15  (in  part). 

1866:  StT<mgylus  radiatus  Rudolphi  of  Schneider,  1866a,  pp.  128,  132,  137,  139,  141, 

144. 
1868:  Dochmius  radiatus  (Rudolphi)  Leuckart,  1868a,  p.  411. 
1885:  Undnaria  radiata  (Rudolphi)  Railliet,  1885a,  pp.  362-363. 
1900:  Monodontus  sp.  Railliet,  1900e,  p.  106. 
1900:  Mcmodantus  phlebotamus  Railliet,  1900b,  p.  781. 
1902:  Bunostomum  phlebotomum  Railliet,  1902b,  pp.   108-109  (Strongylus  radiatus 

Rudolphi  of  Schneider,  1866,  renamed). 
1906:  Bunostomum  radiatum  (Schneider)  Linstow,   1906,   Centralbl.  f.   Bakteriol., 

Parasitenk.  [etc.],  Jena,  1  Abt.,  v.  43  (1),  22.  Dec.,  Originale,  pp.  91-92,  figs. 

6,8. 

<»  See  Addendum,  p.  124, 
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,  II.,  Fsopbajnis:  Inf-,  itilFsIir 
a\  U»th.    X  T5.    (Original.) 
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Specific  diagnosis.— Jftmorfonfia  (p.  27);  Diameter  of  head  (dorso- ventral)  200  to 
250/1.  Dorsal  buccal  tooth  (if.  t.,  fig.  T)  short;  length  of  its  dorsal  border  less  than  the 
distoncefromitfltipto  the  opening  of  the  mouth.  Two  aubventral  buccal  teelh{s.  i>.I., 
fig.  7)  or  lancets  in  addition  to  two  ventral  teeth  (v.  (..fig.  7).  Tipaotall  the  buccal 
teeth  about  equally  distant  from  the  base  of  the  buccal  capsule.  Esophagus  (a., 
fig.  7)  1,25  to  1.5  mm.  or  slightly  more  in  length.  Cervical  papillte  (c.  p.,  fig.  7) 
opposite  the  anterior  portion  of  the  middle  third  or  the  posterior  portion  of  the 
anterior  third  of  esophagus. 

if(if<10tol2inm.long,  slightly  leas  thanO. 5  mm.  in  thickneap.  Bursa  (fig.  8)  funnel 
shaped;  dorsal  median  lobe  somewhat  shorter  than  the  lateral  lobes.    Ventral  and 


Fia.  9.~MmoJonliu  pilibolomia  Tq!- 
l^ar  eiiA  or  bodyof  female  TtBm^  trora 
rigbtslde.     X  76.    lOrlgiUBl.I 

lateral  nys  come  oft  from  a  kt^  common  trunk  (1. 1.,  fig.  8),  that  of  one  side  of  the 
bursa  larger  than  that  o(  the  other.  The  two  ventral  rays  (i'.,  fig.  8)  are  long  and 
slender,  separated  by  a  narrow  cleft  except  in  their  proximal  portion  where  they  are 
united,  taking  origin  from  the  ventral  side  of  the  common  trtink  a  little  less  than 
half  way  between  its  root  and  the  origin  of  the  extemo-Iateral  ray.  The  exlemo- 
lateral  ray  (e.  I,,  fig.  8)  diverges  widely  from  the  other  two  lateral  rays  which  are 
close  together  and  but  slightly  divergent  distally.  The  extemo-Iateral  ray  curves 
venlrally,  the  other  two  dorsally.  The  poslero-lateral  ray  (p.  I.,  fig.  8}  is  slightly 
longer  than  the  medio-lateral  ray  (m.  i.,  fig.  8),  its  tip  in  consequence  being  nearer 
64987°— Bull.  127— U 3 
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the  border  of  the  bursa.  Distance  between  the  tips  of  the  medio-lateral  and  extemo- 
lateral  rays  slightly  greater  than  that  between  the  latter  and  the  tips  of  the  ventral 
rays.  Dorsal  ray  (rf.,  fi?.  8)  asymmetrically  branched.  A  long  slender  externo- 
ddr^al  ray  (e.  d.  r.,  fig.  8)  comes  off  at  the  root  of  the  dorsal  ray  on  its  right  side.  The 
stem  of  the  dorsal  ray  extends  backward  on  the  left-hand  side  of  the  median  line 
and  about  half  way  between  ita  root  and  the  posterior  edge  of  the  median  dorsal  lobe 
of  the  bursa,  forks  into  three  branches,  namely,  the  loft  extemo-dorsal  ray  (r.  d.  /., 
fig.  8),  and  two  branches  (t.  d.,  fig.  8)  which  terminate  at  the  posterior  edge  of  tlie 
median  dorsal  lobe  of  the  bursii  each  in  three  usually  unequal  digitations.  Spicules 
{sp.y  fig.  8)  3.5  to  4  mm.  long,  filiform,  alate. 

Femah  16  to  1ft  mm.  in  length  by  a  little  more  than  0.5  mm.  in  thickness.  Posterior 
end  of  body  (fig.  9)  gradually  attenuated,  then  near  anus  suddenly  reduced  in  size, 
and  terminating  in  a  rather  slender  bluntly-i)ointed  tail.  Anus  400  to  500;*  from  the 
tip  of  the  tail.  Vulva  elliptical,  transversely  elongated,  with  narrow,  salient  lips, 
situated  a  little  in  front  of  the  middle  of  the  body.  Vagina  long  and  sinuous.  Com- 
bined length  of  the  muscular  portions  of  the  two  ovijectors  at  least  1  mm.  Eggs 
ellipsoidal,  75  to  98/t  long  by  40  to  50/t  wide,  in  course  of  segmentation  when  depotdted. 

Hosts. — 'Catllo  {Bos  taurus);  zebu  {Bos  xndicus). 

Location.— Small  intOHtine. 

Localities  collected. — United  States,  Cuba,  Panama,  Europe,  Sumatra. 

Monodontus  pJdebotomus  has  been  found  by  Dawson  (1906,  Bull.  86, 
Florida  Exper.  Sta.)  as.sociated  with  and  a  probable  cause  of  the  so- 
called  ''salt  sickness"  of  Florida,  which  is  characterized  ''at  first  by 
low  fever,  diarrhea,  loss  of  appetite,  soon  becoming  chronic,  ^ith  con- 
tinuance of  low  fever,  constipation,  loss  of  appetite,  progressive 
emaciation,  and  pronounced  anemia,  which  in  many  cases  terminates 
fatally.*'  Treatment  with  thymol  has  been  recommended  for  hook- 
worm disease  in  cattle,  but  Conradi  and  Barnett  (1908,  Bull.  137, 
South  Carolina  Exper.  Sta.)  found  that  thymol  in  a  dose  of  150 
grains  had  no  apparent  effect  upon  the  parasites  in  one  case  in  which 
this  remedv  was  used. 

The  same  authors  (1908)  have  studied  the  development  of  the 
hookworm  of  cattle  from  the  egg  to  the  final  larval  stage.  This  por- 
tion of  the  life  history  is  very  similar  to  that  of  IIxmoncTiiis  contortuB. 
Presumably  infection  of  cattle  occurs  through  swallowing  the  larvae, 
or  as  a  result  of  the  entrance  of  larva^  through  the  skin  in  a  similar 
manner  to  that  occurring  in  the  case  of  the  hookworms  of  man  and 
of  the  dog. 

Monodontus  longecirratus  ^  (Linntow,  1879)  Ransom,  1911. 

(Fig.  10.) 

1879:  Strongijlus  longecirrat us  Linstow,  1879b,  pp.  332-333,  pi.  5,  fig.  18  (from  intes- 
tine of  Bos  grunnuns  L.). 
1909:  Bunostomuni  hmgccirrntum  (Linstow,  1879)  Railliet  and  Henry,  1909b,  p.  170. 
1911:  Monodontus  lorinenrr-itus  (Linstow,  1879)  Ransom,  1911,  pp.  14,  28,  34-35,  121, 
fi<?.  10  (the  present  pai)er). 
Specific    diagnosis. —  Monodontus  (p.  27):    Cuticle    with    very   fine    transverse 
striations.     Eso])ha[rus  very  muscular,  one-thirteenth  of    the  length  of    the  body. 
Buccal  capsule  larp:e,  armed  with  chitinous  teeth  at  it,s  base. 

Male  18  mm.  long  by  0.4  mm.  wide.     Spicules  unusually  long  and  slender,  measur- 


*See  Addendum,  p.  124. 
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inp  4.5  mm.  in  length.  Bursa  (fig.  10)  with  3  lobes.  I.ateral  lobes  larce.  Ventral 
rays  (probably  two  in  each'lateral  lobe,  close  together  and  parallel,  though  Linatow 
deecribe^i  and  figure?  the  ventral  raya  aa  single)  loot;,  sleoder,  with  tips  tenuinating 
Bome  distance  from  the  border  of  the  bursanearthe  tip  of  the  entemo-lateral  ray,  which 
is  curved  in  a  ventral  direction  and  reaches  nearly  to  the  border  of  the  bursa.  The 
medio-lateral  and  poetero- lateral  rays  cur\'cinador8aldirfctionand  theirtipaaremuch 
nearer  to  the  tip  of  the  exiemo-dorsal  ray  lian  to  the  tip  of  the  eilemo-latcral  ray. 
The  exl«mo-dorsal  ray  is  long  and  slender.  The  ventral  and  lateral  rays  come  off  from 
a  large  common  trunk.  The  exI^mo-dorsal  ray  originates  at  the  junction  of  this  com- 
mon trunk  with  the  dorsal  ray  at  the  baiie  of  the  bursa.  The  dorsal  lobe  of  the  bursa 
is  much  smaller  than  the  lateral  lobes,  and  is  supported  by  the  impaired  dorsal  ray 
which  terminates  near  the  posterior  border  of  thedorsal  lobe  in  a  tri-digita  to  tip. 

Female '13  mm.  long  by  1mm.  in  thickncffi,  witbaslender,  rather  long,  pointed  tail. 

Host .^ Yak  {Boi  gmnnienii). 

LocATioN.^Intestine. 

T-ocALTry  collected,— (?) 

Only  one  occurrence  of  this  species  has  been  recorded.     The  fore- 
going diagnosis  is  based  on  the  description 
and  figure  given  by  Linstow  (1879b). 

Oenus  CHABERTIA  Rulliet  &  Heniy,  1009. 

1909:  Chabertia  Railliet  and  Henry,  1909b,  p.  169. 

Grneric  DiAONoais. — StrongyliniB  (p.  26):  Anterior 
end  of  head  obliquely  truncate  so  that  the  mouth  faces 
antcro-ventrally.  Buccal  capnule  lai^,  without  teeth 
in  its  interior.  Border  of  mouth  armed  with  a  double 
crown  of  numerous  small  triangular  pointed  processes. 
Dorsal  median  lobe  of  bursa  slightly  longer  than  the 
lateral  lobes.  Ijilero- ventral  and  ventro-ventral  rays 
close  tc^ther.     Medio-lateral   and   postero- lateral  raya 

cloae  together.  Eitemo-lateral  ray  diverges  somewhat  '^^-  vi~ Uonodontiii  loaeeelr 
the  medio-lateral  ray.     Dorsal  ray  bifurcated  toward  its        ''""■    ""™  °[  f"''^  .^P" 

^     ■  J         J  u    u-t         I-         J      -J   J    -    .      <„  ""Ttnl.  (Alter  Linatow,  ISTBb, 

posterior  end  and   each    bifurcation   divided   inio  two        p|  j  g„  ,gj 

terminal  branches,   the  inner  of   which   is  the  longer. 

Extemo-dorsal  raya  originate  from  the  dorsal  ray  between  its  root  and  its  bifurcation, 

Prebursal    papillie    present.     Spicules  lon^,   tubular,  slender,     Gubemaculum,   or 

accessory  piece,  present.     Vulva  of  female  a  short  disl.ance  in  front  of  the  anus 

Type  species.— CAa5fl-(«i  ovina  (Fabricius,  ITSi^)  Railliet  and  Henr\-,  1909. 

KEY   TO   HPBClEa    OP  CHABEHTIA, 

One  Species _ Chabertia  oeina,  p.  35 

Chabertia  ovina  (Fabricius,  1788)  Railliet  and  Henry,  1909. 

(Flo-Il-H.) 
1788:  SlTOTtgylus  oiinu*  Fabricius,  178S  (on  the  authority  of  Railliet.  18f)3a,  p.  463).— 

FabriciuB,  1794a,  pp.  5-12,  pi.  1,  figs,  la-lc,  2a-2d  (from 

Europe). 
1802:  SlTongyliLt  contortus  Rudolphi,  1802a,  pp.  15-17  (in  part). 
1819;  Strongylu^hupottomui  Riidoiphi,  1819a,  pp.  a3,  263  (from  cecum,  A 

capra  [^Rupicapra  rupicaprd],  Europe). 
1845;  ScUroshmm  hypoitomuin  (Rudolphi)  Dujardin,  1845a,  pp.  255-257, 
1851:  Dochmiui  hypoilomui  (Radoiphi)  Die^iing,  ISjla,  p.  301, 
1867:  Sckr-uitomum  hypostomum  (Rudolphi)  Leuckart,  1867b,  p,  19. 
1899:  ScleroiU/mtim  ovinum  StOBsich,  1899d,  pp.  102-103. 
1909:  Chabertia  ovina  (Fabricius)  Railliet  anj  Uenry,  1909b,  p.  1G9. 
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Fig.  li.—  Chabrrlia 


d  Ironi  left  sit 
.    (Oiigtnal.) 


venlml  ray:  in.  i.,  meUto-ialrral  ray:  p.  I.,  pos- 
Wro-lalernl  ray:  >p..  spicules:  v.  v.,  ventro-ven- 
tnlra;.     X  73.    (Ortginal.) 
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Specific  DuaNoaia. — Chabi^tia(p.  35):  Body  cyUndroidal,almoet  uniEormin  thk'k- 
uees.  Diameter  of  bead  (fig,  12)  slightly  ^euter  than  lliat  of  the  cervical  r^ou  of  ilic 
body  and  nearly  equal  to  the  maximum  diameter  of  the  body.  Anterior  end  of  head 
obliquely  truncate,  BO  that  the  mouth  faces  ajitero-venlrally.  Ltorderof  mouth  armed 
with  a  double  crown  of  numerous  biiulII  triangular  pointed  processes  or  denticles. 
Buccft!  capsule  (ft.  c.,  fig,  12)  very  large,  without  teeth  in  its  interior.  On  the  ventral 
surface  of  the  body  just  in  front  of  the  excretory  pore,  which  is  about  one-fourlh  of 
the  length  of  the  body  from  its  anterior  end,  is  a  short  tranaverae  cervical  groove 
(c.  g.,  fig.  12).  Cuticle  on  ventral  surface  in  front  of  this  groove  very  slightly  inflated. 
Esophagus  {a.,  fig.  12)  claviform,  1.2  to  1.4  mm.  long.  Nerve  ting  about  one-third 
the  length  of  the  esophaRUB  from  its  anterior  end.     Cervical  papillie  not  evident. 

Male  13  to  14  mm.  lon^  by  a  little  over  one-third  mm.  in  thickness.  Dorsal  median 
lobe  of  buTBft  (fig.  13)  slightly  longer  than  the  lateral  lobes.  Tips  of  ventral,  medio- 
lateral,  postero-lateral,  and  dorsal  rays  reach  the 
border,  or  nearly  to  the  border  of  the  burea.  Tips 
of  the  extemo-lateral  and  ext«mo-doiBal  rays  fall 
considerably  short  of  the  border,  the  former  slightly 
nearer  the  border  of  (he  bursa  than  the  latter. 
Distance  between  the  tips  of  these  two  rays  slightly 
less  than  the  distance  between  the  tip  of  the 
,  extemo-lateral,  and  the  tip  of  the  latero-vential 
ray.  Venlro- ventral  (v.  v.,  Bg.  13)  and  latere- 
ventral  (I.  v.,  fig.  13)  rays  close  leather.  Medio- 
lateral  (m.  I.,  Gg.  13)  and  postero^lateral  (p.  j.,  fig. 
13)  rayB  closely  approximated  throughout  their 
course.  Ex terno- lateral  ray  (e.  (,,  fig.  13)  diverges 
somewhat  from  the  medio-lateral  ray.  Extemo- 
lateral  and  exlemo-dorBal  rays  considerably  thicker 
than  the  ventral,  medio-lateral  and  postero-lateral 
rays,  which  are  about  equal  in  thickness.  Externo- 
dorsal  rays  («.  d.,  fig,  13)  take  origin  from  the  stem 
of  the  doisal  lay  about  one-third  the  distance  from 
ita  root  to  ita  bifurcation.  Dorsal  ray  (d.,  tig.  13) 
bifurcated  at  about  three-fifths  the  distance  from 
its  root  to  the  posterior  border  of  the  dorsal  median 

lobe  of  the  bursa.  Each  of  the  branchea  of  the  Fiq.  u.—  Chabtrllaopltia.  Posterior 
doreal  ray  divided  into  two — namely,  an  inner  *n<l  of  body  ot  lemale  viewed  trom 
branch,  which  reaches  the  edge  of  the  buraa,  and  rtgWaldc.  on.,aiiii5:  (n(.,lni«3ilne; 
an  outer  branch,  which  is  thicker  than  the  inner  ™iv'8°"'x75''' (Ortrtnln '"'  "'' ' 
branch  and  about  half  as  ioDg,  not  reachiog  the  bor- 
der of  the  bursa.  Prebursal  papillie  large.  Spicules  (»p.,  fig.  13)  1.3  to  1.7  mm.  long, 
tubular,  slender,  about  30/1  in  diameter  anteriorly,  tapering  to  an  acute  point  posteri- 
orly, alate.    Gubemaculum  80  to  lOO/i  long. 

Female  17  to  20  mm.  long  by  a  little  leaa  than  one-half  mm.  in  maximum  thicknesa. 
Posterior  end  of  body  (fig.  14)  gradually  attenuated  from  in  front  of  the  vulva  toward 
the  anua.  Behind  the  anus  the  body  is  suddenly  reduced  in  diameter,  terminating 
in  a  aharply  pointed  short  mucronate  tail.  The  body  curves  ventrally  behind  the 
vulva,  and  doraally  behind  the  anus.  Anus  (an.,  fig.  14)  200  te  230,-1  from  the  tip  of 
the  tail.  Vulva  {rul.,  fig,  14)  transvereely  elongated,  creacentic,  375  to  450;i  &om 
the  tip  of  the  tail.  Vagina  (103. ,  fig.  14)  about  150;i  long.  Combined  length  of  muscu- 
lar portions  of  ovijeclors  (ovij.,  fig.  14)  at  least  200/(.  Eggs  ellipsoidal,  90  to  100;i 
long  by  about  50/i  wide;  in  course  of  segmentation  when  laid. 

Hosts. — 'Cattle  {Boi  tavrut);  'aheep  (Ovit  arm);  "goat  {Capra  hircua);  Dorcas 
gazelle  (Gazella  dorcas);  white  oryx  {Oryx  tatcoryz);  chamois  {Rupkapra  rupicapra); 
roe  deer  (Capreolua  aipreolus);  fallow  deer  (Dama  dama);  stag  (Cervui  elaphim); 
BT^\i(Ovi,a7nmon). 
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Location. — I.»arge  intestine,  rarely  other  parts  of  alimentary  tract. 
Localities   collected. — Europe,  United  States,  Africa,  South  America,   Asia, 
Australia. 

This  species  appears  to  be  comparatively  harmless.  Its  food  con- 
sists of  the  vegetable  material  in  the  contents  of  the  large  intestine. 
The  buccal  capsule  is  commonly  found  filled  with  such  material. 

Genus  EUCYATHOSTOMXTM  MoUn,  1861. 

1.861:  Eucyathostomum  Molin,  1861a,  pp.  435,  455-463. 

Generic  diagnosis. — Strongylinae  (p,  26):  Buccal  capsule  large,  with  wide  anterior 
opening  whose  border  is  armed  internally  with  a  crown  of  numerous,  slender,  acutely 
pointed  pnJcesses.  Bursa  with  dorsal  lobe  projecting  pHJsteriorly  beyond  the  lateral 
lobes.  Ventral  rays  of  each  lateral  lobe  close  together,  united  proximally  and  may 
present  the  appearance  of  an  undivided  ray.  The  ventral  rays  and  the  three  lateral 
rays  of  each  lateral  lobe  come  off  from  a  common  trunk.  The  extemo-dorsal  ray  is 
widely  separated  from  the  lateral  rays,  and  originates  from  the  dorsal  trunk,  or  from 
one  of  the  paired  dorsal  rays  near  its  origin.  Two  long  parallel  dorsal  rays,  giving 
off  two  branches  externally.  The  dorsal  rays  may  present  the  appearance  of  being 
fused  in  the  median  line  to  form  a  single  dorsal  ray,  with  a  bipartite  tip.  Three 
external  branches  are  given  off  by  the  dorsal  ray,  the  proximal  one  of  which  is  the 
extemo-dorsal  ray.  Spicules  long,  slender,  equal.  Vulva  of  female  a  short  distance 
in  front  of  the  anus.   • 

Type  species. — Euq/athostomum  longesuhulatum.  Molin,  1861. 

Two  species  of  Eucyathostomum  occur  in  the  alimentary  tract  of 
ruminants,  neither  of  which  has  been  found  in  the  Unite(\  States. 

KEY  TO   SPECIES   OP  EUCYATHOSTOMUM. 

Extemo-dorsal  ray  of  male  bursa  originates  at  the  root  of  the  dorsal  ray;  male,  15  mm. 

long,  female  21  mm.  long Euq/atJiostomum  spinulosuniy  p.  40 

Extemo-dorsal  ray  of  male  bursa  originates  from  the  outer  side  of  the  dorsal  ray  some 

distance  from  its  root;  male  10  to  12  mm.  long,  female  15  to  20  mm.  long. 

Eucyathostomum  longesubulatumy  p.  38 

Eucyathostomum  longesubulatum  Molin,  1861. 

'     (Figs.  15-16.) 

1861:  Euq/athostomum  longesubulatum  Molin,  1861a,  pp.  460-462,  pi.  26,  figs.  1,  2 
(from  intestine  (cecum)  of  Cervus  campestris  [= Blastocerus  campestris]  and 
Cervus  ru/us  [==^Maza7na  rufa],  Brazil). 
1899:  Sclerostomum  longesubulatum  (Molin)  Stossich,  1899d,  p.  113. 

Specific  diagnosis. — Eucyathostomum  (p.  38):  Head  continuous  with  body.  Mouth 
cavity  cyathiform,  cylindrical,  with  wide  opening  whose  diaphanous  circular  border 
is  armed  externally  with  four  larger  spines  or  papillae,  internally  with  a  crown  of 
smaller  processes.  Body  subcylindrical,  straight,  attenuated  toward  both  ends. 
Anterior  end  truncate  with  inflated  cuticle. 

Malfi  10  to  12  mm.  long  by  0.3  mm.  thick.  Tail  with  wide  copulatory  bursa, 
obliquely  truncated,  prolonged  in  a  triangular  dorsal  lobe,  and  supported  by  three 
systems  of  rays.  The  dorsal  system  gives  off  three  rays  from  each  side  of  the  main 
trunk,  which  terminates  in  a  bipartite  tip.  Each  lateral  trunk  gives  off  four  rays, 
the  anterior  of  which  is  bifid.     Spicules  two,  very  long,  filiform,  acutely  pointed. 

Female  15  to  20  mm.  long  by  0.3  to  0.5  mm.  thick.  Tail  long,  subulate,  scarcely 
curved.  Anus  remote  from  tip  of  tail.  Vulva  in  posterior  part  of  body  near  anus; 
its  superior  lip  greatly  inflated,  rather  protuberant.     Uterus  bicornate. 

Hosts. — Pampas  deer  (Blastocerus  campestris);  red  brocket  {Mazama,  rufa). 

Location  . — Cecum . 

Locality  collected. — Brazil. 


DESCBIPTION. 


•lamam  bmfaalniliuvm. 
Jy  at  li-fl-  posterior  rnd  a 
[oUd.  ISCIa,  pi.  21),  ng.  2.) 


FW.  15.— Euf^u/Voilomum  long/rubulalum. 
Pi9t(rlor  end  of  body  o[  male.  Venlral 
view.    EDlarged.    (Alter  Uolla,  1S61B,  pL 
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The  foregoing  diagnosis  is  based  on  the  description  and  figures 
given  by  Molin  (1861a),  There  are  no  later  records  of  the  occurrence 
of  this  species. 

Eiic;atlio3toiniim  spiouloaum  (Linstow,  1ST9)  Railliet  and  Henry,  1909. 

(Pig,  17.) 
1879:  StTongylui  (,t=^E-ucyaiho»U}m.um)  spinuhnut  Linatow,  1879b,  pp.  331-332,  pi.  6, 

fig.  17  (from  intestine  of  Capra  ihex  L.) 
1899:  SeieTOstomam  ipinulotum  (Linstow)  Stoeoich,  1899d,  pp.  111-112. 
1909:  Eucyatiiotlomum  spinufoffum  (Linatow)  RaiHiet  and  Henry,  1909b,  p.  170. 

Specific  diagnosis. — Euq/atho»tomum  (p.  38):  Male  15  mm,,  female  21  mm.  long. 
Thickness  about  1  mm.  in  both  sexes.  Body  spiudlc-Bhaped.  Mouth  opening  pro- 
vided with  eetee  on  tho  border  similar  to  Eucyathoilomum  longerubul^tum.  Buccal 
capsule' large.  Head  without  the  lar^r  spines  described  by  Molin  as  preeent  on 
the  head  at  E.  longetubulatum.  Bursa  tive-lobed.  The  anterior  lobos  supported 
each  by  a  aingle  ray  (7=prebur8al  papilla— B.  H.  R.).  The  lateral  lobes  have  five 
raya,  the  tour  anterior  of  which  originate  close  together.  The  unpaired  posterior 
lobe  (—dorsal  lobe — D.  11.  R.)  ia  supported  by  two  paral- 
lel rays,  each  of  which  gives  off  two  branches  on  ita  outer 

Host. — Alpine  ibex  {Capra  ibex). 
Location  . — Intestine. 

LoCAUTT   COLLECTED. — EuTOpe. 

Nothing  is  known  concerning  the  species  be- 
yond the  description  given  by  Linstow  (1879b), 
from  which   the  forgoing  diagnosis  has  been 

taken. 

G«nus  (ESOPHAGOSTOHUH  Holin,  1861. 
FlQ.  i7.—Euc)athoslomum 
•jrfmtfofBm.  Bursa  ol  1861:  (Etophagottomum  Molin,  1861a,  pp.  435,  443-450. 
male.  Enlarged.  (Afier  Gbnekic  DiAONoais.— Strongylime  (p.  26):  Adulta  8  to  25 
LiiuMw,  is79b,  pi.  B.  flg.  nim  jn  length,  with  head  75;i  or  more  in  diameter.  Buccal 
capsule  small.  Attached  to  the  chitinoua  framework  of 
the  buccal  capsule  inside  the  buccal  cavity  there  are  usually  one  or  two  crowns 
of  delicate  chitinoua  leaf-like  processes.  Cuticle  suiroiindiug  the  mouth  usually 
inflated  to  form  a  ring-like  mouth  collar,  which  is  sharply  limited  behind  by  a  deep 
annular  constriction.  Six  circum-oral  papiihe — two  lateral,  two  eubdorsal,  and  two 
sub  ventral— penetrating  the  mouth  collar.  Lateral  papillee  short  and  thick,  others 
longer  and  more  slender.  Excretory  pore  in  front  of  the  middle  of  the  esophagus. 
At  or  in  front  of  the  excretory  pore  a  transverse  groove  and  a  corresponding  fold  in 
the  cuticle  which  extend  round  the  body  toward  the  dorsal  surface.  The  cuticle 
between  the  mouth  collar  and  the  transverse  groove  usually  inflated  to  form  a  vesic- 
ular swelling.  Lateral  membranous  wings  may  be  present  beginning  at  the  trans- 
verse groove  and  extending  backward  along  the  lateral  lines.  Cervical  papillffl 
present.  Bursa  of  male  with  two  lateral  lobes  united  by  a  smaller  median  lobe. 
In  each  lateral  lobe  six  rays,  namely,  two  ventral  rays,  three  lateral  rays,  and  one 
extemo-dorsal  ray.  Ventral  rays  of  equal  size,  parallel,  close  together.  Medio- 
lateral  and  postero-lateral  rays  parallel,  close  t^^ether.  Dorsal  ray  (in  median  lobe) 
with  two  main  branches,  each  of  which  is  also  divided  into  tiro  unequal  or  subequal 
branches.  Spicules  more  than  0.5  mm.  long,  slender,  tubular,  pointed;  guber- 
naculum  present,  but  not  conspicuous,  Prebursal  papilUe  present.  Vulva,  naked,  a 
abort  distance  in  front  of  the  anus.  Esf^s  oval,  with  thin  shells.  Larval  stages,  in 
some  cases  at  least,  occur  in  nodules  in  the  intestinal  wall  of  the  hod.  Adulta 
free  in  the  lumen  of  the  intestine,  usually  the  large  i 
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Type  bpbcies. — CEsophagostomum  suhulatum  Molin.  1861  =(E.  dentatum  (Kudolphi, 
1803)  Molin,  1861. 

Three  species  of  (Eaojphagostomum  are  known  to  occur  in  the  ali- 
mentary tract  of  ruminants,  and  all  three  have  been  found  in  this 
country. 

KEY  TO   SPECIES   OF  (E80PHAG0ST0MUM. 

1.  Cervical  papillsB  near  the  middle  of  the  esophagus;  lateral  membranes  broad; 

spicules  of  male  less  than  1  mm.  long;  vulva  about  1  mm.  from  the  tip  of  the 

tail 2 

Cervical  papillae  post-esophageal;  lateral  membranes  very  narrow;  spicules  of  male 
1.1  to  1.5  mm.  long;  vulva  about  0.5  mm.  from  the  tip  of  the  tail;  male  11  to  16 
mm.  long,  female  13  to  24  mm.  long (Esophagostomum  venulosuvi,  p.  46 

2.  Mouth  collar  almost  hemispherical;  its  height  a  little  less  than  half  its  diameter, 

externo-lateral  ray  of  bursa  separted  from  the  medio-lateral  ray  by  a  rather 
wide  cleft;  vulva  not  protuberant;  male  12  to  16  mm.  long,  female  14  to  18  mm. 

long (Esophagostomum  columhianum,  p.  41 

Mouth  collar  flattened,  disk-like  in  shape,  its  height  a  little  more  than  one-fourth 
its  diameter;  extemo-lateral  ray  of  the  bursa  closely  approximated  to  the 
medio-lateral  ray;  stem  of  the  lateral  rays  with  a  dorsal  projection  at  the  root 
of  the  postero-lateral  ray;  vulva  protuberant;  male  14  to  17  mm.  long,  femalo 
16  to  22  mm.  long (Esophagostomum  radiatum^  p.  44 

GSsophagostomum  columbianum  (Curtice,  1890)  Stossich,  1899. 

(Figs.  18-22.) 

1890:  CEsophagostoma  columbianum  Curtice,   1890c,  pp.  16,  17,  20,  21,  22,  118,  145, 

161,  165-180,  pis.  24-27  (from  sheep,  United  States). 
1899:  (Esophagostomum  columbianum  (Curtice)  Stossich,  1899d,  p.  96. 

Specific  diagnosis. — (Esophagostomum  (p.  40):  Length  of  body  averages  about  40 
times  its  maximum  thickness.  Thickness  of  body  nearly  uniform  in  the  middle 
three-fifths,  becoming  less  toward  both  ends.  Anterior  portion  of  body  commonly 
bent  into  a  hook.  Mouth  collar  (m.  c,  fig.  19)  hemispherical  or  truncate  hemispherical 
in  shape;  its  height  a  little  less  than  half  its  diameter;  two  crowns  of  leaf -like  proc- 
esses, about  twenty-four  in  each  crown.  Transverse  cervical  groove  (c.  g.^  fig.  19) 
and  its  accompanying  cuticular  fold,  well  marked  ventrally,  become  obliterated  after 
crossing  the  lateral  lines.  Cuticle  between  the  cervical  groove  and  the  head  only 
very  slightly  inflated.  Cervical  papillse  (c.  p.,  fig.  19)  in  front  of  the  middle  of  the 
esophagus.  Well  developed  lateral  membranes  (L  m.,  fig.  19)  beginning  at  the 
cervical  groove  extend  nearly  the  entire  length  of  the  body  in  both  sexes. 

Male  12  to  16  mm.  long.  Tips  of  the  ventral  {v.  v.,  I.  v.,  figs.  20,  21),  medio-lateral 
{m.  l.f  figs.  20,  21),  and  postero-lateral  (p.  I.,  figs.  20,  21)  rays  and  the  inner  division 
{t.d.y  fig.  20)  of  each  of  the  two  main  branches  of  the  dorsal  ray  (</.,  figs.  20,  21)  reach 
the  edge  of  the  bursa.  Tips  of  the  extemo-doreal  {e.  c?.,  figs.  20,  21)  and  extemo- 
lateral  (e.  /.,  figs.  20,  21)  rays  at  about  equal  distances  from  the  border  of  the  bursa. 
Externo-lateral  ray  separated  from  the  medio-lateral  ray  by  a  rather  wide  cleft. 
Distance  between  the  tip  of  the  extemo-dorsal  ray  and  the  tip  of  the  extemo-lateral 
ray  slightly  greater  than  the  distance  between  the  latter  and  the  tips  of  the  ventral 
rays.  Extemo-dorsal  rays  take  origin  from  the  dorsal  ray  about  halfway  between  its 
root  and  its  bifurcation.  Outer  division  of  each  main  branch  of  the  dorsal  ray  less 
than  half  as  long  as  the  inner  division,  but  thicker.  Spicules  (sp.^  fig.  20)  750  to  850/i 
in  length.    Gubernaculum  about  lOO/i  long. 

Female  14  to  18  mm.  Ions:.  Posterior  2  or  3  mm.  of  body  tapers  gradually  to  the 
pointed  tip  of  the  tail  (fig.  22).  Anus  (an.y  fig.  22)  a  little  more  than  0.3  mm.  from  the 
tipof  the  tail;  vulva  about  1mm.     Vulva(i;i6^,  fig.  22)  elliptical,  transversely  elongated 
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Fia. 


—OiKrplafcitomuiacolamUanttm.  Ao. 
lertor  end  of  body.  VeDtral  view.  c.  g,, 
cervical  groovt;  c.  p.,  ctrrtcal  papilla;  a,, 
csopliseus;  inf.,  latnlLnr:  t.  m.,launl  Dirin- 
bnof.  I. p., lateral  clrcumonl  paplUai  m.  c, 
niouUiiJoUBr;n.f.,tHrveriQg.  X7S,  (Ortg- 
Inal.) 


Pta.  30. — (EHipliasotlamvm  celumUanum.  Hostcrlor 
end  of  body  ot  tunic  with  bursa  spread  out.  Vcatisl 
view,  i.,  doisal  ray;  t.  d.,  eiitcnuHJorsal  ray;  1. 1., 
citemo-lateral  rny;  I.  r..  latcro-vfnlral  ray;  m.  I., 
.,  pre-bursal  papilla;  p.  I., 


I  i . — ^topAofPHtomum 
Buraa  ol  male  viewed  trom  rigbt  aide,  d,, 
dorsal  Taj;  e-  d,,  extcmo-doraal  tay;  r.  L, 
eilerno-latend  ray;  I.  c. ,  latcro-ventral  ray; 
il  ray;  p.  I.,  postero'laleial 
reotialray.    X  75.    (Oiig- 


poatero-lfil^ial  ray;  ip., 


r.  d.,  termliul  bl 


ray:  1 


.    (Orig. 
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not  raised  above  the  auriace  of  ths  body.    Vagina  (vag.,  fig.  22)  less  than  100;i  long. 
Coaibined  length  of  the  muscular  portiona  oE  the  two  ovijectora  (pvij.,  flg.  22)  including 
the  sphincters  about  230/1.     Eggs  45  by  40/i  to 
75  by  45/1  ia  diameter. 

Hosts. — ^"Sheep  (OvU  aria);  "goat  (Capra 
kircus);  T<xitle(Boi  taunt). 

Location. — Large  intestine. 

LocALiTiEa  coLLBCTED. — United  Staten,  Aiu- 

Tliis  species  is  a  very  common  para- 
site of  sheep  in  the  United  States.  It 
is  the  cause  of  the  so-called  nodular 
disease  of  the  intestine.  The  nodules 
mark  the  location  of  larval  stages  of 
the  parasite  which  live  embedded  in 
the  wall  of  the  intestine  into  which 
they  penetrate  after  being  swallowed 
by  the  host.  In  the  early  stage  of  the 
development  of  the  larva  the  nodule 
is  very  small,  but  gradually  increases 
in  size,  becoming  filled  with  a  mass  of 
greenish  cheesy  material  upon  which, 
apparently,  the  larva  feeds.  When 
the  larva  has  undergone  a  certain 
amount  of  growth  and  development 
it  abandons  the  nodule  and  enters  the 
lumen  of  the  intestine,  where  it  com- 
pletes its  development  to  maturity. 
The  nodules  are  most  common  in  the 
wall  of  tlie  cecum,  but  may  occur  in 
other  portions  of  the  intestine  and  in 
the  liver  and  other  abdominal  viscera. 

Nodular  disease  is  more  or  less  in- 
jurious according  to  the  extent  of  in- 
festation, ^e,  and  individual  vitality 
of  the  animals  infested.  Aifected  in- 
testines are  excluded  from  use  as 
sausage  casings. 

There  is  no  known  effective  me- 
dicinal treatment  for  this  parasite. 
Lambs  may  be  protected  from  seri- 
ous  infestation    if    raised     by    the    so-       Fio,   22.-fEaopl,aaaili>mtim    columblanum. 

called  "bare-lot"    method,  in  which       i^H'°hi^H.""^»''Jl."r'.n^11^ 
^  [romngtatslde.  on., anus;  jn/-,iDt€stLDe: 

the  lambs  and  ewes  are  kept  in  in-       i»..ovary:Drij.,oviiK(or;u(.,ut«niB;iFiv., 
closures  free  from  vegetation,  and  fed       ""b™-     ■.  ^"^a.  g 

and  watered  from  racks  and  troughs  arranged  so  that  they  can  not 
be  contaminated  by  the  feces  of  the  infested  ewes. 
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(Esophagostomum  cotumhianum  has  been  reported  as  a  parasite  of 
cattle,  but  the  correctness  of  the  identification  seems  questionable 
All  of  the  specimens  of  (Esophagostomum  from  cattle  which  I  have 
examined  have  been  (E,  rodiaium.  In  any  event  (E,  columhianumy  if 
it  occurs  at  all  in  cattle,  is  of  rather  rare  occurrence  in  that  host 
in  this  country. 

(Esophagostomum  radiatum  (Rudolphi,  1803)  Railliet,  1898. 

(Figs.  2S-27.) 

1803:  Strongylus  radiatus  Rudolphi,  1803a,  pp.  13-15  (from  Bos  tauruSf  Europe). 
1866:  Strongylus  inflatus  Schneider,  1866a,  pp.  129, 131, 139, 141  (from  Bos  taturus)  (not 

iS.  inflates  Molin,  1861a,  pp.  520-521,  pi.  5,  figs.  7.8;  from  Myrmecophajgajuhata), 
1884:  Strorngylus   dilatatus   RaiUiet,    1884.     {Strongylus   inflatus   Schneider,    1866, 

renamed). 
1885:  CEsophagostoma  inflatum  (Schneider)  Railliet,  1885a,  pp.  346-347,  fig.  236. 
1896:  (Esophagostomum  dilatatum  (Railliet)  Railliet,  1896d,  p.  160. 
1896:  (Esophagostomum  inflatum  (Schneider)  Railliet,  1896d,  p.  160. 
1898:  (Esophagostomum  radiatum  (Rudolphi)  Railliet,  1898c,  p.  254. 
1906:  (Esophagostomum  bovis  Schnyder,  1906b,  pp.  182,  183,  197. 

Spbciptc  diagnosis. — (Esophagostomum  (p.  40):  Length  of  body  averages  about  40 
times  its  maximum  thickness.  Thickness  of  body  nearly  uniform  in  its  middle 
throe-fifths,  becoming  less  toward  both  ends.  Anterior  end  commonly  bent  into  a 
hook.  Mouth  collar  (m.  c,  fig.  24)  flattened,  disk-like,  its  height  a  little  more  than 
one-fourth  its  diameter;  a  single  crown  of  numerous  small  triangular  denticles  at  the 
anterior  border  of  the  mouth  capsule;  leaf-like  processes  lacking.  Cervical  groove 
(c.  g.f  fig.  24)  and  cuticular  fold  well  marked,  continuing  around  the  body,  the  fold 
projecting  farther  backward  on  the  dorsal  and  ventral  surfaces  than  on  the  lateral 
surfaces.  Cuticle  inflated  (c.  t.,  fig.  24)  between  the  mouth  collar  and  the  cervical 
groove.  At  about  one-third  the  distance  from  the  cervical  groove  to  the  head  the 
inflated  cuticle  is  constricted  by  a  shallow  annular  groove  (c.  a.,  fig.  24).  Cervical 
papillse  (r.  p,^  fig.  24)  opposite  the  middle  of  the  esophagus.  Well  developed  lateral 
membranes  (Z.  m.,  fig.  24)  beginning  at  the  cervical  groove  extend  nearly  the  entire 
length  of  the  body  in  both  sexes.  Lumen  of  esophagus  has  an  infundibuliform 
enlargement  at  its  beginning  about  75/i  long. 

Male  14  to  17  mm.  long.  Tips  of  the  ventral  (v.  v.,  I.  v.,  figs.  25,  26),  medio-latend 
(m,  Z.,  figs.  25,  26),  and  postero-lateral  (p.  L,  figs.  25,  26)  rays,  and  the  inner  division 
(t.  d.,  figs.  25,  26)  of  each  of  the  two  main  branches  of  the  dorsal  ray  (</.,  figs.  25,  26) 
reach  the  edge  of  the  bursa.  Tips  of  the  externo-dorsal  (e.  rf.,  figs.  25,  26)  and  the 
extemo-lateral  (e,  Z.,  figs.  25,  26)  rays  at  about  equal  distances  from  the  border  of  the 
bursa.  Lateral  rays  come  off  from  the  external  surface  of  their  common  stem  (I.  t., 
figs.  25,  26)  which  projects  dorsally,  forming  a  protuberance  {d.  ft.,  figs,  25,  26)  at  the 
root  of  the  postero-lateral  ray.  Extemo-lateral  ray  closely  approximated  to  the  medio- 
lateral  ray,  separated  from  it  by  a  narrow  cleft.  Distal  portion  of  extemo-lateral  ray 
curved  ventrally  away  from  the  medio-lateral  ray.  Distance  between  the  tips  of  the 
externo-dorsal  ray  and  the  extemo-lateral  ray  slightly  greater  than  the  distance  be- 
tween the  latter  and  the  tips  of  the  ventral  rays.  Externo-dorsal  rays  take  origin  from 
the  dorsal  ray  less  than  halfway  between  its  root  and  its  bifurcation.  Outer  division 
of  each  main  branch  of  the  dorsal  ray  less  than  one-half  the  length  of  the  inner  division. 
Spicules  700  to  800;i  long.    Gubernaculum  about  1  l5/i  long. 

Female  16  to  22  mm.  long.  Behind  the  vulva  the  body  rapidly  diminishes  in  thick- 
ness, then  tapers  more  gradually  to  the  tip  of  the  slender  tail  (fig.  27).  Tail  curved 
ventralward.  Anus  (an.^  fig.  27)  a  little  more  than  0.3  mm.  from  the  tip  of  the  tail; 
vulva  about  1  mm.  Vulva  (vuL^  fig.  27)  elliptical,  transversely  elongated,  raised  on  a 
prominently  projecting  rounded  papilla.    Vagina  less  than  150/x  long.     Combined 
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Flo.  J4.~<X'ii)pika;(ic((iiniiiii  nutWun.  Aotfrior  end 
ol  body.  Ventral  view.  c.  a.,  annular  gmmt  sup- 
nundlDg  crrvlcal  ianniloQ  of  cuticle;  c,  ;..  cervical 
groove;  c.  (.,  c«vli»l  Inflation;  c,  p.,oervl«il  papilla; 
(.  p.,  excretory  pore;  ei,,  esophagus;  Int.,  Int4stl[ie; 
I.  m.,  lalcrel  membrana;  m.  c,  mouth  collar;  n.  r. 
nene  ring.    X  TS.    (Orlglaal.) 


. — lEKtphefoatomiim  rodlafum.    Bum 

He.  viewed  Irom  Iffi.  side,    d,,  dorsal 

projrelion  erf  Irunk  or  lateral 

^ _J  post«n^lalera1  ray:  e.  i., 

?mo-dor:al  ny;  e.  I. .  ext^mo-Uileral  ray; 


[■;  d.  A  , 


[  oik 


1.,  medio-: 


il  ray; 
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length  of  the  muBCular  portions  of  the  two  ovijecton  {ovij.,  6g.  27)  including  the 
BphiQCl«ra  about  250/i.    %g8  («.,  fig.  27)  75  by  40;i  to  85  by  45;i  in  diameter. 

UoBT,— "Cattle  (Bottourus). 

Location. — Laigo  int«stineB. 

LocAUTiES  COLLB47IED. — United  Statee,  Europe,  Australia. 

la  this  species,  as  in  (E.  coluiribianum,  a  portion  of  th«  larval  stage 
is  passed  id  nodules  formed 
in  the  wall  of  the  intestines. 
The  location  of  the  nodules  is 
apparently  more  often  the 
small  intestine  than  the  lai^e 
intestine,  just  the  opposite  to 
(E.  columHanutn. 

Sso^Mgostomani  Tennloanm  (Ru- 
««-  dolphi,  1S09)  RaUliet,  1896. 

(tlga.  28-32.) 

Ifi09:  Stronffylu»veitxilotuiR\ido\phi, 
lS09a,   pp.   221-222    (from    Capra 
kireut,  Europe). 
1819:  Stroncfj/tM  ammonia  Budolphi, 

1819a,  p.  37. 
1845;  Stron^lus   radiatua   Rudolph! 
of  Dujardin,  1845a,  pp.  125-126  (in 
part). 
1851:  Strongyliui  coniortut  Rudolphi 
of  Diesing,  1851a,  p.  318  (miadeler- 
mination). 
1861:  (Esopkagostomum    aeutum 

Moliu,  ISeia,  p.  449. 
1S85:  (Esophagosloma     venulosum 
(Rudolphi)    Railliet,    18S5a,    pp. 
347-348. 
1887:  ^sophagostoma    infiatum   var. 

om»  Carita.  1887a,  p.  60. 
1896:  (Esophagostomum    venulomm 
(Rudolphi)  Railliet,  1896m,  p. 490. 
Specific    diaonosis.— <E»opftoj<M- 
Imium  (p.  40):  Length   of  body  30 
to  35  times  its  maximum  tbicknees. 
Thickneea  of   body   nearly   uniform 
Vk.  in  the  middle  three-fifthB,  becoming 

I'o!  lesB  toward  both  euda.     Anterior  end 

'""  of  body  usually  Htraight.     Height  of 

u,,,  mouth  collar  (m.   c,  fig.  29)  about 

one-third  ila  diameter;  shape  trun- 
cate conical;  two  crowns  of  leaf-like  processes;  not  more  than  16  processes  in  each 
crown.  Cer\-ical  groove  (c.  g.,  flg,  29)  usually  does  not  extend  dorsal  oE  the  lateral 
lines,  but  may  in  eome  cases  be  traced  entirely  around  the  body.  Cuticle  of  neck 
inflated  (r.  i.,  fig.  29)  between  the  mouth  collar  and  the  cervical  groove.  Cervical 
papilliB  (c  p.,  fig.  29)  post-esophi^eal.  Lateral  membranes  (I.  m.,  fig.  29)  extend 
nearly  the  entire  length  of  the  body,  but  are  very  narrow  throughout  their  courae. 
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Male  11  to  16  mm.  long.  Tips  of  the  ventral  (u.  v.,  I.  v.,  figs.  30,  31),  modio-lateral 
(m.  Z.,  figs.  30,  31),  and  poetero-lateral  (p.  I.,  figs.  30  ,  31)  rays,  and  the  inner  division 
(^  rf.,  fig.  30))  of  each  of  the  two  main  branches  of  the  dorsal  ray  (rf.,  figs.  30, 31)  reach  the 
edge  of  the  bursa<  Tips  of  the  extemo-dorsal  {e.  (f.,  figs.  30,  31)  and  extemo-lateral 
{e.  Z.,  figs.  30,  31)  rays  at  about  equal  distances  from  the  edge  of  the  bursa.  Extemo- 
lateral  ray  separated  from  the  medio-lateral  ray  by  a  rather  wide  cleft.  Distance  be- 
tween the  tip  of  the  extemo-dorsal  ray  and  the  tip  of  the  extemo-lateral  ray  slightly 
less  than  the  distance  between  the  latter  and  the  tips  of  the  ventral  rays.  Extemo- 
dorsal  rays  take  origin  from  the  dorsal  ray  about  halfway  between  its  root  and  its 
bifurcation.  Outer  division  of  each  main  branch  of  the  dorsal  ray  about  half  as  long 
as  the  inner  division,  and  reaching  nearly  to  the  border  of  the  bursa.  Spicules  («p., 
fig.  31)  1.1  to  1.5  mm.  long.    Gubemaculum  90  to  100;<  long. 

Female  13  to  24  mm.  long.  Body  tapers  from  a  short  distance  in  front  of  the  vulva 
to  the  tip  of  the  sharply  pointed  tail,  which  is  commonly  bent  dorsalward.  Anus 
{an.,  fig.  32)  150  to  200/i,  vulva  375  to  500;£,  from  the  tip  of  the  tail.  Vulva  (imZ.,  fig.  32) 
elliptical,  transversely  elongated,  more  or  less  protuberant.  Vagina  {vag.^  fig.  32)  400 
to  600/4  long.  Combined  length  of  the  muscular  portions  of  the  two  ovijectors  (ort;., 
fig.  32)  including  the  sphincters  250  to  300/i.  Eggs  85  by  45;£  to  100  by  55/i  in 
diameter. 

Hosts. — *Goat  (Capra  hircus);  *  sheep  {Ovis  aries);  *  fallow  deer  (Dama  dama)\  roe 
deer  (Capreolus  capreolus);  argali  {Ovis  ammon);  chsunois  {Rupicapra  rupicapra); 
Arabian  camel  {Camelus  dromedariiLs). 

Location. — Large  intestine,  more  rarely  small  intestine  and  stomach. 

LocAUTiEs  COLLECTED. — Europo  and  United  States. 

This  species,  commonly  reported  as  a  parasite  of  sheep  and  goats 
in  Europe,  is  much  less  common  in  those  hosts  in  this  country  than 
(E.  columbianum. 

Sul3fkmil3r  M:KTA.SXR0N"GJ-YIL.I"N'^5G»  X^eiper,  1908. 

Subfamily  diagnosis. — Strongylidee  (p.  26):  Mouth  cavity  very  small,  not  enlarged 
to  form  a  buccal  capsule. 
Type  genus. — Metastrongyhis  Molin,  1861. 

Five  genera  of  this  subfamily  are  represented  among  the  nematodes 
parasitic  in  the  alimentary  tract  of  ruminants. 

key  TO   GENERA   OF   METASTRONGYLIN^. 

(The  imperfectly  known  species  (?IIxmonchwt)  hispinosus^  p.  54,  Strongyliis  ventri- 
cosuSj  p.  98,  and  Strongylusfordii,  p.  99,  though  evidently  belonging  in  the  subfamily 
Metastrongyliiue,  are  not  included  in  this  and  following  keys.) 

1.  Mouth  cavity  containing  a  single  buccal  tooth  or  lancet;  well  developed  cervical 

papillae  or  spines  present;  bursa  of  male  with  two  large  lateral  lobes,  and  a 
small  asymmetrical  dorsal  lobe;  gubemaculum  present;  both  sexes  10  mm. 

or  more  in  length IJxmonchuSy  p.  49 

No  buccal  teeth  or  lancets  in  mouth  cavity;  cervical  papillae  present  or  absent; 
dorsal  lobe  or  dorsal  lobules  of  bursa  symmetrical  in  position;  gubemaculum  of 
spicules  present  or  absent 2 

2.  Tip  of  latere- ventral  ray  of  bursa  closer  to  tip  of  extemo-lateral  ray  than  to  tip  of 

ventre- ventral  ray;  ventro- ventral  ray  much  smaller  than  latero- ventral  ray; 
head  about  10/£  in  diameter;  both  sexes  less  than  10  mm.  in  length;  cervical 
papillse  absent;  spicules  less  than  200/i  long;  gubemaculum  present. 

Trichostrongylus,  p.  86 

Tip  of  latero- ventral  ray  of  bursa  closer  to  tip  of  ventro- ventral  ray  than  to  tip  of 

extemo-lateral  ray 3 

*  See  Addendum,  p.  124. 
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3.  Head  less  than  25/1  in  diameter;  cervical  papiUse  present;  tips  of  ventro- ventral  and 

latero- ventral  rays  of  each  lateral  lobe  of  bursa  close  together;  a  small  accessory 
bursal  membrane  attached  to  the  posterior  end  of  the  body  toward  its  dorsal 

side,  inside  the  bursa;  gubemaculum  present  or  absent Ostertagia,  p.  54 

Head  over  25/t  in  diameter;  cervical  papillae  absent;  no  accessory  bursal  membrane; 
gubemaculum  lacking 4 

4.  Yen tro- ventral  and  latero- ventral  rays  of  each  lateral  lobe  of  bursa  close  together, 

parallel;  2  dorsal  rays;  dorsal  lobe  of  bursa  divided  into  two  lobules  each  sup- 
ported by  one  of  the  dorsal  rays;  spicules  tubular,  filiform,  over  0.5  mm. 

long NematodiniSf  p.  82 

Ventro-ventral  and  latero-ventral  rays  of  bursa  divergent,  their  tips  rather  widely 
separated;  unpaired  median  dorsal  ray  divides  distally  into  two  branches, 
parallel  or  forming  a  lyre-shaped  structure;  spicules  short,  thick,  less  than 
0. 5  mm.  long Cooperia^  p.  69 

Genus  HJEMONCHUS  Cobb,  1898. 

1898:  Hasmonchus  Cobb,  1898a,  p.  447. 

Generic  diagnosis. — Metastrongylinae  (p.  47):  Head  less  than  50a  in  diameter,  with 
inconspicuous  circumoral  papillaB.  The  small  mouth  cavity  contains  a  slender  tooth 
or  lancet  originating  from  the  dorsal  side  of  it«  base.  Cuticle  of  head  and  neck  not 
inflated.  A  well  developed  cervical  spine  in  each  lateral  line  of  the  body  in  the 
esophageal  region.  Bursa  of  male  with  large  lateral  lobes  and  a  small  dorsal  lobe  not 
in  the  median  line  but  attached  to  one  of  the  lateral  lobes  near  its  base.  Dorsal  ray 
supporting  the  dorsal  lobe  divided  distally  into  two  branches.  Six  rays  in  each 
lateral  lobe.  Ventral  rays  of  each  lateral  lobe  separated  distally,  curving  forward. 
Medio-lateral  and  postero-lateral  rays  distally  curve  backward  or  dorsalward  away 
from  the  extemo-lateral  ray.  Externo-dorsal  ray  long  and  slender.  Prebursal 
papillse  present.  Spicules  relatively  short,  less  than  1  mm.  long.  Gubemaculum 
present.  Vulva  of  female  in  posterior  portion  of  the  body  covered  by  a  prominent 
linguiform  process  which  projects  backward.  Ovijectors  well  developed.  Eggs 
ellipsoidal,  with  thin  shells. 

Type  species. — Eaemonchus  contortus  (Rudolphi,  1803)  Cobb,  1898. 

Two  species  belonging  to  the  genus  Ild&monchus  are  represented 
among  the  nematodes  parasitic  in  ruminants,  to  which  a  third  of 
uncertain  identity  has  been  provisionally  added  by  Railliet  and  Henry 
(1909a). 


Fig.  28.— ^topAo^octomttfn  twrniforam.    Male  at  right,  female  at  left.    *  Vulva.    X  5.    (Original.) 

Fig.  TQ.—^Etophago^omum  venulosum.    Anterior  end  of  body.    Ventral  view.    c.  g.,  cer\'ical  groove;  c.  <., 

cervical  inflation;  c.  p.,  cervical  papilla;  m.,  esophagus;  int.,  intestine;  /.  m.,  lateral  membrane;  I.  p.,  lateral 

ciicom-oral  papilla;  m.  c,  mouth  collar;  n.  r.,  nerve  ring.    X  75.    (Original.) 
FlO.  30.—(E8ophaff08tomum  venviotum.    Bursa  of  male  spread  out.    d.  dorsal  ray;  e.  d.,  externo-dorsal  ray; 

e.  I.,  extemo-lateral  ray;  Z.  p.,  latero-ventral  ray;  m.  I.,  medio-lateral  ray;  p.  I.,  postero-lat«ral  ray;  t.  d., 

terminal  branch  of  dorsal  ray;  v.  v.,  ventro-ventral  ray.    x  75.    (Original.) 
Fig.  31  .—(Etophagostomum  venidoaum.    Buraa  of  male  viewed  from  right  side.    d. ,  dorsal  ray ; «.  d. ,  externo- 
dorsal  ray;  e.  (.,  extemo-lateral  ray;  I.  v.,  latero-ventral  ray;  m.  I., medio-lateral  ray;  p.  Z. ,  postero-lateral 

ray;  #p.,  spicules;  v.  v.,  ventro-ventral  ray.    X  75.    (Original.) 
Fig.  32.—<Esophagt)8tomum  venwUmim.    Posterior  end  of  body  of  female  viewed  from  rlg^t  side,    an, ,  anus; 

hU.,  intestine:  ovij.,  ovijector;  oo^.,  vagina;  puZ.,  vulva.    X  76.    (OriginAl.) 

64987°— Bull.  127—11 4 
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KEY  TO   SPECIES   OF   ILSMONCHUS. 

(The  imperfectly  known  {fHxmonchus)  bispinosuSf  p.  54,  is  not  included  in  this  key.) 

Stem  of  the  ray  of  the  asymmetrical  dorsal  lobe  of  the  bursa  less  than  twice  as  long 

as  its  branches;  spicules  of  male  300  to  500/t  long;  male  10  to  20  mm.  long, 

female  18  to  30  mm.  long Ilxmonchus  contortus^  p.  50. 

Stem  of  the  ray  of  the  asymmetrical  dorsal  lobe  of  the  bursa  twice  as  long  as  its  branches; 
spicules  of  male  about  625/i  long;  male  20  to  21  mm.  long,  female  26  to  29 
mm.  long Hsemonchus  longestipcSy  p.  54. 

HflBiiionchus  contortus  (Rudolphi,  1803)  Cobb,  1898. 

(Figs.  33-37.) 

1803:  StrongyliLS  contortus  Rudolphi,  1803a,  pp.  15-17  (from  Ovis  arieSy  Europe). 
1861:  Sirongylus  filicollis  Rudolph!  of  Molin,  1861a,  pp.  512-513  (misdetermination). 
1893:  Strongylus  placei  Place,  1893,  Vet.  Rec.,  Lond.  (250),  v.  5,  Apr.  22,  p.  589 

("strongyle-like  worms  1-3  centimeters  in  length"  from  the  abomasum  of  a 

calf). 
1898:  Hxmonchus  contortus  (Rudolphi)  Cobb,  1898a,  p.  447,  fig.  120. 

Specific  diagnosis. — Haemonchus  (p.  49):  Head  (fig.  34)  about  30/i  in  diameter. 
Buccal  lancet  10  to  lo/i  long  may  project  slightly  through  the  opening  of  the 
mouth.  Cervical  spines  (c.  p.,  fig.  34)  about  0.3  mm.  from  the  anterior  end  of  the 
tody.  Esophagus  (cs.,  fig.  34)  claviform,  about  1.5  mm.  long.  Diameter  of  body  at 
base  of  esophagus  about  180/i. 

Male  10  to  20  mm.  long.  Maximum  thickness  about  400/i  in  the  posterior  portion 
of  the  body,  some  distance  in  front  of  the  bursa.  Anteriorly  the  body  is  gradually 
attenuated.  Lateral  lobes  of  bursa  (fig.  35)  large,  600  to  700;(  long  by  300  to  400/( 
wide.  The  asymmetrically  situated  dorsal  lobe  is  attached  to  the  left  lateral  lobe 
on  its  inner  side  near  its  base  and  measures  about  150/1  long  by  125/i  wide.  Dorsal 
ray  (J.,  fig.  35)  supporting  the  dorsal  lobe,  distally  divides  into  two  branches,  each 
of  which  is  bifurcated  at  its  extremity.  Stem  of  dorsal  ray  slightly  longer  than  its 
branches.  Dorsal  ray  takes  its  origin  from  the  left  common  trunk  of  the  rays,  near 
the  point  of  origin  of  the  left  extemo-dorsal  ray.  Paired  rays  parallel  and  close 
together  for  some  distance  beyond  their  origin  from  the  common  trunk.  Ventral 
rays  fused  proximally  are  separated  distally,  curving  ventralward,  and  both  extend- 
ing nearly  to  the  edge  of  the  bursa.  The  ventro- ventral  ray  (r.  u.,  fig.  35)  is  nar- 
rower than  the  latero-ventral  ray  (/.  r.,  fig.  35)  and  shorter.  The  lateral  rays  origi- 
nate from  the  common  trunk  in  a  common  stem  dividing  distally  into  three.  The 
extemo-lateral  ray  {e.  L,  fig.  35)  is  almost  straight,  extending  nearly  to  the  edge 
of  the  bursa.  The  latero-ventral  and  extemo-lateral  rays  are  about  equal  in  thick- 
ness, thicker  than  any  of  the  other  rays.  The  medio-lateral  (m.  Z.,  fig.  35)  and  pos- 
tero-lateral  (p.  /.,  fig.  35)  rays  curve  donsalward  in  their  distal  portion,  diverging 
from  one  another  slightly  at  their  tips  and  nearly  reaching  the  edge  of  the  bursa. 
Extemo-doRial  ray  (e.  c?.,  fig.  35),  slenderest  and  longest  of  the  rays,  nearly  straight, 
slightly  curved  dorsalward  in  its  distal  portion,  originates  from  the  common  trunk 
of  the  rays  near  the  base  of  the  lateral  lobe  of  the  bursa.  It  reaches  nearly  to  the 
edge  of  the  bursa,  but  its  tip  is  usually  at  a  slightly  greater  distance  from  the  edge 
than  the  tips  of  the  other  rays.  The  tips  of  the  medio-lateral  and  postero-lateral  rays 
are  closer  together  than  the  tips  of  any  other  two  contiguous  rays;  tips  of  the  ventral 
rays  next,  then  the  tips  of  the  postero-lateral  and  extemo-dorsal  rays,  and  finally 
the  tips  of  the  externo-lateral  and  latero-ventral  are  more  widely  separated  than 
the  tips  of  any  other  two  contiguous  rays.  Spicules  (sp.,  fig.  35)  300  to  500/(  long, 
reduced  in  size  from  before  backward,  with  small  knobbed  tips;  left  spicule  with 
a  barb-like  projection  about  20/i  from  the  posterior  end,  right  spicule  with  a  similar 
projection  about  40/i  from  the  posterior  end.  Gubernarulum  {guh.,  fig.  35)  about 
200tf  long  by  25  to  30/x  broad,  flat,  lusiform,  with  thickened  edges. 
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Fig. 3<.— Hamonc/nwcontortM.  AoU- 
rlor  end  of  body.  e.  p.,  cervical 
paplIJa;  «..esophfl(;ii5:  (n(..lnipstine; 
n.r.,nerverlng.   xli-   (Orlgluol.) 


Fia.  35.— aimwndlui  anUnTiia,  Posterioi  end  ol  body 
of  mole.  Dursal  Tlew.  d.,  dorsaJ  ra;  mpponlug  (be 
Bsymmetilcally  Bituated  dorsal  lobe  ol  bursn;  e.  i., 
Bxt*m(Mlorsalray;  .■.(.,eitenio-latpnilrar;ini6..  guber- 
■uculum^  I.  v..  latero-v antral  ray;  m.  I.,  medlo-Ialeral 
ray;  p.  I.,  poslero-laUral  ray;  ip,,  spkulc:  v.  v..  teulro- 
yeDtralray.    x  75.    (OrlglnaL) 
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Female  IS  to  30  mm.  loog  by  about  0.5  mm.  in  maximum  tbickneea  aahort  diatance 
in  froDt  of  tb«  vulva.  Body  more  gradually  attenuated  teward  the  anterior  extrem- 
ity than  toward  the  poet«rior  extremity.  Vulva  (I'u^,  fig.  36)  3  to  4.5  mm.  from 
the  tip  of  the  tail,  covered  by  a  prominent  backward  projecting  linguiform  process 

(Int.,  fig.  36)  about  0.5  mm.  long.    Combined  length  oE  musculai  portions  of  ovijectore 
(OTij.,  fig.  36),  including  the  sphinctere,  about  1  nun.     Ovaries  (oi>.,  figs.  36,  37) 


Fio.  3a.—nx7nonditu  contortia.    Body  at  female  la  Fio.  37.— Aximmcku  nmliirlu.    Pgsterlar 

ngloaolvulra,  viewed Irom  Icttslile.    liu..liilMUn(;  end  of  body  of  female,  vkired  frsm  left 

lob.,  llnKuUoriD  process  covering  Tulva;  oc,  OTsrj;  side,    ja.,   anus;    int.,  tnteatiat;     or., 

<>plJ.,DvllecIar;  (U-.ulenis;  Kv.,  vugina;  FuJ.,  valvB.  omy;  M.,uunis,    X  T&.   <Orlgiiial.) 
XTS.    (Original.) 

wound  spirally  around  the  intestine.  Anna  (an.,  fig.  37)  400  to  630/i  from  the  tip 
of  the  tail.  Tail  slender,  acutely  pointed,  diameter  at  anus  about  lOO/i.  Egge 
75  to  9l>;i  long  by  40  to  50/i  wide,  segmenting  when  laid. 

Hosts. — "Cattle  {Bot  taums):  •sheep  (Oris  arm);  "goat  {Capra  himu);  addax 
(Addax  vatomaculattui);  •moose  {Alee  amerieanusy,  "pronB-homed  antelope  (Antilo- 
cnpraammivina); chamois (Rupicaprarupicopra);  •American  bison{Btson  W«in);  "Toe 
deer  (CajiTtoba  capreolus);  "mule  deer  (Odocoileut  hemionus);  "deer  (Maaima  sp.); 


DESCRIPTION.  53 

man  (Homo  sapiens);  *bharal  (Ovis  nahura);  argali  (Ovis  ammon);  ^Mexican  mountain 
sheep  (Ovis  mexicana);  ^Newfoundland  caribou  (Rangi/er  terrasnovae). 

Location. — ^Fourth  stomach,  more  rarely  other  compartments  of  the  stomach,  and 
intestine. 

LocAunss  COLLBCTED. — EuTope,  United  L>tate6,  Asia,  Africa,  Australia,  South 
America,  New  Zealand. 

Hasmonchus  corUortua  is  one  of  the  commonest  parasites  of  sheep, 
and  when  numerous  is  very  injurious.  It  evidently  feeds  upon  the 
blood  of  its  host;  attacking  the  mucous  membrane  of  the  fourth 
stomach  by  means  of  its  buccal  tooth.  Heavy  infestation  leads  to 
anemia,  dropsy,  emaciation,  and  irregularities  of  digestion.  Many 
lambs  are  killed  every  year  by  tliis  parasite. 

In  another  paper  (Ransom,  1906i,  B.  A.  I.  Circular  93)  it  has 
been  shown  that  Haemonchits  cantortus  undergoes  a  direct  develop- 
ment without  intermediate  host.  The  eggs  passed  in  the  feces  of 
the  host  hatch  in  a  few  hours,  days,  or  weeks,  according  to  the 
temperature.  Dryness  or  a  freezing  temperature  kills  the  eggs  and 
newly  hatched  larvse  in  a  short  time.  The  newly  hatched  larva 
has  an  esophagus  with  a  posterior  bulb  containing  a  masticatory 
apparatus,  and  it  feeds  upon  the  fecal  matter  in  which  it  lives. 
Within  a  few  days  or  weeks,  the  length  of  time  required  varying 
according  to  the  temperature,  the  larva  develops  into  the  final  free- 
living  stage,  which  has  a  simple  claviform  esophagus  without  pos- 
terior bulb.  In  this  stage  the  larva  is  closely  enveloped  by  a  thin 
chitinous  sheath,  and  apparently  is  no  longer  able  to  ingest  food, 
depending  for  its  nourishment  upon  material  stored  up  in  the  cells 
of  the  intestine.  The  ensheathed  larva  is  motile  at  temperatures 
above  40 **  F.,  and  becomes  more  active  as  the  temperature  becomes 
higher.  Unlike  newly  hatched  larvae  and  eggs,  the  ensheathed 
larva  can  withstand  freezing  and  drying  for  long  periods,  and  may 
survive  several  montlis  in  the  dried  condition,  afterwards  reviving 
on  the  addition  of  moisture.  When  the  air  is  sufficiently  damp 
for  moisture  to  be  precipitated  as  dew  or  rain,  the  ensheathed  larvae 
crawl  up  grass  blades  or  other  objects,  coming  to  rest  when  the 
moisture  evaporates  and  resuming  their  migration  when  the  air 
again  becomes  damp,  and  thus  gradually  work  their  way  higher 
and  higher  from  the  ground.  When  swallowed  by  a  sheep  or  other 
ruminant  the  ensheathed  larva  continues  its  development  toward 
maturity  and  becomes  a  full  grown  adult  in  two  or  three  weeks. 

Methods  of  treatment  of  sheep  infested  with  this  parasite  are 
described  in  B.  A.  I.  Circular  102  (Ransom,  1907b). 

The  best  means  of  controlling  this  parasite  seems  at  present  to  be 
the  rotation  of  pastures,  changing  the  flock  to  fresh  pasture  as  fre- 
quently as  possible,  taking  care  not  to  overstock,  and  keeping  sheep 
and  cattle  out  of  each  pasture  for  at  least  a  year  before  it  is  used 
again,  so  that  infection  in  the  pasture  may  have  time  to  die  out. 
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Hfemonchus  contorius  has  been  reported  once  as  a  parasite  of  man 
in  South  America,  but  this  undoubtedly  was  a  purely  accidental 
occurrence.  It  does  not  occur  in  horses,  rabbits,  or  pigs,  and  is 
cleariy  a  parasite  which  is  normally  restricted  to  ruminants.  Pas«- 
tures  from  which  sheep  and  cattle  have  been  removed  in  order  for 
infection  to  die  out  may  accordingly  be  used  for  horses  and  pigs 
without  danger  of  keeping  up  the  infection. 

Hemonchus  longistipes  Railliet  and  Henr>%  1909. 

1909:  Iliemonchus  longistipes  Railliet  and  Henry,  1909a,  p.  86  (from  Camelus  drom^- 
darius,  Africa,  India). 

Specific  diagnosis. — Hxmonchus  (p.  49):  Male  20  to  21  mm.  long.  Spicules 
625/£  long.  Bursa  with  an  asymmetrical  dorsal  lobe  supported  by  a  ray  whose  trunk 
is  twice  as  long  as  its  distal  branches. 

Female  26  to  29  mm.  long. 

Host. — Arabian  camel  {Camelus  dromedarins). 

Location. — Fourth  stomach. 

Localities  collected. — Africa  and  India. 

The  foregoing  diagnosis  is  taken  from  the  brief  description  of 
Railliet  and  Henry  ( 1 909a) . 

(?Hflemonchus)  bispinosus  (Molin,  1860)  Railliet  and  Henry,  1909. 

1860:  Strongylus  bispinosus  Molin,  1860e,  p.  351  (from  Cervus  nambi  (=  Mamma  nana\ 

Brazil). 
1909:  (? Ilxmonchiis)  bispinosus  (Molin)  Railliet  and  Henry,  1909a,  p.  86. 

Specific  diagnosis. — Ilsemonchus  (p.  49):  Head  continuous  with  the  body,  not 
alate.  Mouth  with  unarmed  border.  Body  filiform;  anterior  end  of  body  gradually 
attenuated,  with  two  strong  cervical  spines. 

Male  10  mm.  long  by  0.2  mm.  thick.  Tail  of  male  curved,  provided  with  a  trilobed 
copulatory  bursa.  Lateral  lobes  very  long,  supported  by  5  rays,  the  middle  one  of 
which  is  straight;  the  other  rays  diverge  from  the  middle  ray,  and  are  curved  at  the 
tips.  Mcidian  lobule  of  bursa  with  two  rays.  Spicules  with  long  styloid  shanks. 
Sheath  of  spicules  very  long,  filiform. 

Female  17  mm.  long  by  0.3  mm.  thick.  Tail  long,  subulate.  Anus  remote  from 
tip  of  tail.  Vulva  in  posterior  portion  of  body,  large,  bilabiate,  with  limbiform 
anterior  lip,  and  pendulous  posterior  lip,  swollen  to  form  a  large  vesicle.  Uterus 
bicornate. 

Host. — Pygmy  brocket  (Mazama  nana). 

Location  . — Stomach . 

Locality  collected. — Brazil. 

Nothing  is  known  concerning  this  species  beyond  the  brief  de- 
scriptions given  by  Molin  (1860e,  1861a,  p.  514)  from  which  the 
foregoing  diagnosis  is  taken. 

Genus  OSTERTAGIA  Ransom,  1907. 

1907:  Ofttertagin  Ransom,  1907k,  p.  2. 

Generic  diagnosis. — Metastrongylina;  (p.  47) :  Head  less  than  2ofi  in  diameter,  with 
six  indistinct  lips  or  papillae  surrounding  the  mouth.  Mouth  cavity  small.  Cervical 
papillae  present.  Cuticle  marked  with  25  to  35  longitudinal  ridges  appearing  as 
simple  lines,  except  under  high  magnifiration  when  they  sometimes  show  a  finely 
beaded  appearance.     Cuticle  of  head  may  be  slightly  dilated,  forming  a  narrow  collar 
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or  annular.  6  ir«  with  two  lateral  lobe^  united  by  a  smaller  median  lobe.  Each  lat- 
eral lobe  supplied  with  nix  supporting  rays.  The  two  ventral  rayti  are  close  together 
and  their  tips  are  in  relation  with  a  more  or  lees  conspicuous  indentation  of  the  edge 
of  the  bursa.  The  tips  of  the  medio-lateral,  poetero-lateral  and  extemo-dorsal  rays  are 
in  relation  with  the  posterior  border  of  the  bursa.  The  dorsal  ray  separates  into  two 
main  branches  which  may  divide  distally  into  two  short  branches  or  give  off  one  or  two 
short  side  branches  internally  or  externally.  Attached  to  the  posterior  end  of  the  body 
of  the  male  toward  the  dor^l  side  and  inside  the  bursa  there  is  an  accessory  bursal  mem- 
brane with  a  free  posterior  edge  supported  by  two  slender  diverging  rays.  The  spicules 
are  short  (less  than  1  mm.  in  length),  similar  in  size  and  shape,  and  are  divided  length- 
wise in  the  distal  portion  into  two  or  three  processes.  An  accessory  piece  or  gubema- 
culum  may  be  present  or  absent.  When  present  it  is  inconspicuous,  colorless  and 
drawn  out  into  a  slender  process  posteriorly.  Prebursal  papillae  present.  Vulva 
less  than  one-fifth  the  length  of  the  body  from  the  posterior  end,  naked  or  covered 
by  a  thin,  backward  projecting,  cuticular  flap.  Ovijectors  well  developed.  Eggs 
oval,  with  thin  shells. 
Type  species. — Ostertagia  osUrtagi  (Stiles,  1892)  Ransom,  1907. 

Seven  species  of  Ostertagia  are  known  to  occur  in  ruminants,  and 
all  but  one  of  these  have  been  found  in  America. 

KEY  TO   SPECIES   OP   OSTERTAGIA. 

1.  Spicules  of  male  about  700ju  long;  tail  of  female  bluntly  pointed ;  male  6.5  to  7.5  mm. 

long,  temale  8  to  10  mm.  long Ostertagia  mentulata^  p.  68 

Spicules  of  male  less  than  400/i  long 2 

2.  Spicules  of  male  150  to  180/£  long;  bursa  about  300;£  wide  when  both  wings  are 

spread  out;  latero- ventral  ray  thickest  of  the  rays;  stem  of  dorsal  ray  40  to  50/i 

long;  branches  35  to  40/x  long;  male  6.5  to  7  mm.  long.  .Ostertagia  trifurcata^  p.  62 

Spicules  of  male  over  200;£  in  length 3 

3.  Stem  of  dorsal  ray  of  bursa  five  times  as  long  as  its  two  main  branches;  spicules  210/i 

long;  male  4.5  to  5  mm.  long,  female  6  to  7  mm.  long.  Ostertagia  brigantiacaj  p.  69 
Stem  of  dorsal  ray  less  than  three  times  as  long  as  its  two  main  branches 4 

4.  Bursa  over  0.5  mm.  in  width,  when  both  wings  are  spread  out;  dorsal  ray  over  200^1 

long 5 

Bursa  less  than  0.5  mm.  in  width,  when  both  wings  are  spread  out;  dorsal  ray  less 

than  100;i  long 6 

6.  Spicules  of  male  250  to  280/*  long,  rather  delicate  in  structure,  light  yellowish-brown; 
gubernaculum  absent;  male  10  to  13  mm.  long,  female  12  to  20  mm.  long;  egg9 

large,  160  to  200/i  long Ostertagia  marshalli,  p.  62 

Spicules  of  male  290  to  320/*  long,  strongly  built,  dark  yellowish-brown;  guberna- 
culum present,  about  120/x  long;  male  12  to  16  mm.  long. 

Ostertagia  ocddentalisy  p.  67 
6.  Main  branches  of  dorsal  ray  of  bursa  bifid  at  the  tip,  without  secondary  branches; 
spicules  220  to  230/i  long;  gubernaculum  about  65;/  long;  tail  of  female  ter- 
minates in  a  rather  acute  point  without  annular  striations  near  the  tip;  male 

6.5  to  7.5  mm.  long,  female  8.3  to  9.2  mm.  long Ostertagia  ostertagia  p.  56 

Main  branches  of  the  dorsal  ray  with  a  small,  short,  set^ondary  branch  externally 
and  one  internally  in  the  distal  portion,  the  latter  near  the  tip;  spicules  280  to 
320/4  long;  gubernaculum  about  90/i  long;  tail  of  female  terminating  in  a  rather 
blunt  rounded  point,  slightly  swollen  a  short  distance  from  the  tip  and  in  this 
region  marked  by  3  to  5  annular  striations;  male  7.5  to  8.5  mm.  long,  female 
9.8  to  12.2  mm.  long Ostertagia  nrcumcincta^  p.  59 
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Ostertagia  ostertagi  (Stiles,  1892)  Ranflom,  1907. 

(Figs.  38-43.) 

1890:  Strongylus  convoltUus  Ostertag,  1890b,  pp.  457-460  (not  S.  convolutu*  Kuhn, 

1829). 
1892:  Strongylus  ostertagi  Stilee,  1892e,  pp.  147-148  {S.  convolutus  Ostertag,  1890  [not 

Kuhn,  1829]  renamed). 
1893:  Strongylus  sp.  Harker,  1893,  Agric.  Students'  Gaz.,  Cirencester,  n.  b.,  v.  6  (4), 

Aug.,  pp.  94-97,  figs.  1-5  (in  part,  fig.  2  evidently  drawn  from  a  male  of  0. 

ostertagi). 
1899:  Strongylus  cervicomis  of  Gilruth,  1899a,  p.  25  (misidentification). 
1901:  Strongylus  harkeri  StSdter,  1901a,  pp.  72,  75,  91,  pi.  11,  figs.  1-5  (in  part). 
1907:  Ostertagia  ostertagi  (Stiles,  1892)  Ransom,  1907k,  p.  2. 

Specific  diagnosis. — Ostertagia  (p.  54):  Male  6.5  to  7.5  mm.  long.  Maximum  thick- 
ness 115  to  130;£  just  in  front  of  bursa.  Diameter  of  head  16  to  18/t;  diameter  of  body 
at  level  of  nerve  ring  40  to  45/t,  at  base  of  esophagus  60  to  75/t.  Esophagus  650  to  680/i 
in  length,  surrounded  by  a  nerve  ring  at  a  distance  of  265  to  280/£  from  the  anterior 
end.  The  excretory  pore  is  situated  about  300/t  and  the  cervical  papillae  340;i  from  the 
anterior  end  of  the  body.  The  esophagus  increases  very  gradually  in  diameter  from  12 
or  15/1  anteriorly  to  40  or  50/t  at  its  posterior  end.  Bursa  (figs.  39,  40)  comparatively 
small,  not  over  twice  as  wide  as  the  maximum  thickness  of  the  body  when  both  lobes 
are  spread  out.  Posterior  end  of  the  body  truncate,  projecting  backward  between 
the  wings  of  the  bursa,  ven trail y  forming  two  rounded  protuberances  separated  by  a 
shallow  median  groove.  The  paired  rays  are  of  nearly  equal  thickness,  except  the 
latero-ventral  ray,  which  is  slightly  thicker  than  the  others.  Measured  on  the 
periphery  of  the  bursa,  the  distance  between  the  anterior  end  of  the  bursa  and  the 
tips  of  the  ventral  rays  (v.  r.,  I.  v.,  figs.  39,  40)  is  about  equal  to  that  between  the  latter 
and  the  tip  of  the  extemo-dorsal  ray  (e.  rf.,  figs.  39,  40).  The  tips  of  the  medio-lateral 
(m.  I.  J  figs.  39,  40)  and  postero-lateral  rays,  like  those  of  the  ventral  rays,  are  very  close 
together.  The  dorsal  ray  (</.,  figs.  39,  40)  is  about  50  to  60/i  in  length,  bifurcated  35  to 
45/t  from  its  root,  the  two  branches  being  straight  and  slender,  diverging  somewhat, 
and  each  dividing  into  two  very  short  branches  at  the  tip.  The  spicules  (fig.  41,  ap., 
fig.  39)  measure  220  to  230/t  in  length.  Two  slender  processes  barbed  at  the  tip  come 
off  from  the  inner  side  of  each  spicule  in  its  posterior  half.  WTien  the  spicule  is 
retracted,  these  processes  lie  close  to  the  body  of  the  spicule,  but  when  the  spicule  is 
protruded,  their  tips  spring  away  from  the  body  of  the  spicule,  one  in  the  dorsal  and 
the  other  in  the  ventral  direction,  giving  the  end  of  the  spicule  in  a  lateral  ^dew  a 
three-forked  appearance,  the  body  of  the  spicule  truncated  at  the  distal  end  forming 
the  thick  middle  branch,  and  the  barbed  processes  forming  the  more  slender  dorsal 
and  ventral  branches  of  the  fork.  The  gubemaculum  is  elongated,  its  body  oval, 
rounded  anteriorly,  and  drawn  into  a  slender  process  posteriorly.  The  body  of  the 
gubernaculum  is  about  14ju  wide  and  40/i  long,  exclusive  of  the  posterior  process, 
which  is  about  25/Jt  in  length.  Prominent  short  strands  of  muscle  extend  between 
the  gubemaculum  and  the  dorsal  surface  of  the  body,  arranged  in  two  groups  side  by 
side.  These  muscle  groups  measure  about  70/t  in  length  (antero-posteriorly)  and  18/i 
in  transverse  thickness. 

Female  8.3  to  9.2  mm.  long  by  120  to  160/1  in  thickness  in  the  region  of  the  vidva. 
The  head  measures  18  to  20/t  in  diameter;  at  the  nerve  ring  the  body  is  40  to  45/i  in 
thickness,  at  the  base  of  the  esophagus  65  to  85/x,  and  at  the  anus  40  to  50/x.  The 
esophagus  is  similar  in  size  to  that  of  the  male,  and  is  surrounded  by  a  nerve  ring  260 
to  280/£  from  the  anterior  end.  The  vulva  {vul.^  fig.  42)  is  a  transverse  slit  covered 
by  a  prominent  cuticular  flap  (lab.,  fig.  42),  and  is  situated  1.3  to  1.5  mm.  from  the 
posterior  end  of  the  body.  The  tail  (fig.  43)  tapers  gradually  and  ends  in  a  slender 
rounded  tip.  The  anus  (am.,  fig.  43)  is  situated  100  to  140/t  from  the  tip  of  the  tail. 
The  muscular  portions  of  the  ovijectors  {ovij.  1-j,  fig.  43)  form  an  elongated  barrel- 
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1.  ^.—OtttrUfla  oHerlnfl.  Bura*  o(  male,  vlevcd 
from  right  aide,  i.,  dorsal  ny,  t.  i.,  pxtsruHloml 
nj;  1. 1.,  eil«nia-l«tcrsl  nj\  I  .c,  lalero-TuitiBl  twj; 
m.  I.,  midlo-lalf nl  nj;  p.  I. ,  posUra-latem  ray:  v.  v., 
veiitr»-veDtnl  ra;.    X  300.    (Orlgtaal.) 


Yia.sa.—Ournattaatlerliiti.  PoiWrkir  end  of  body  ot  maie with  bursa 
spread  out.  i.,  dorsal  ray;  t.  i.,  txUt.io-Xms^X  ray;  p.  !,.  poalsio- 
lateial  ray;  m.  I,,  media-lateral  ray:  (.  1.,  exUmo-lateial  ray.  I.  r.. 
lalero-TOnlral  ray;  r  s.pVentro-vpnlralray;  p.  ft.  p. , pre-bursal  papilla; 
(;i., spicules    X1K>-   (AfI(«Rallllct,lSI3a,a£.3a3  ; 


Fio.  n.—Otlataela  oMcrUfrf. 
Spicule  of  male,  lateral 
view.    X30a.    (Original.) 
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shaped  alructure  measuring  200  to  260,u  long,  inctudiDg  the  sphinctem,  and  60  to  SO.'i  ia 
diameter.    The  eggs  measure  from  65  by  30/i  to  80  by  40^  in  diameter. 

Hosts.— •Cattle  (Smwutiu);  "bharal  (OrisnoAura);  ?3heep  (Omariea). 

Location. — Small  oodules  in  the  wall  of  the  fourth  stomach  and  also  free  in  the 
cavity  ol  the  fourih  stomach. 

LocALirrES  coLLErrEb. — Europe,  United  States,  ?AuHtralia,  and  New  Zealand. 


'l0.Vi.-O,l,rl«i,ia   aiairuti. 

Body  at  Ip:.i4.1c  l:i  r:.Eioa  oT 

l-UIVB,  vle«,'il  lra:n  rlehl  slile. 

Alt.,  cullciilor  n.ip  covning 

Fio.43.-Oiifrii.»ii.   Mtriati. 

vulva;  at.,  ovarj-:  mi}.  1,  Ut- 

Posterior  end  oi  body  of  (emale 

mlnitl    porllun  at    Dvljprtor; 

viewed  from  ilgM  slJe.    on.. 

w'fj.  «,  sphlnci'.T  ol  ovl)«>Uir: 

uius:  inf.,  iiilestine;  or.,  ovarj-. 

Bvlj.  3,  noniiiiisi'iilnr  portion  of 

XIMi.(OrigUial,) 

This  species  lias  been  frequently  reported  by  various  authors  as  a 
parnsite  of  slieep,  but  in  most  instances  such  reports  have  evidently 
resulted  froin  a  confusion  with  Ostcrtngia  circumcincta.  Among  hun- 
dreds of  specimens  of  species  of  OsUrtagia  from  domestic  sheep, 
mostly  collected  in  this  country,  which  I  have  examined,  I  have 
failed  to  lind  0.  ostertagi.     I  have,  however,  found  it  onee  in  a  blue 
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wild  sheep  or  bliaral  which  died  at  the  National  Zoological  Park, 
Wasliington,  D.  C. 

According  to  Stadelraann  (1891a),  the  small  nodules  in  which  this 
species  is  found  vary  in  size  from  that  of  a  pin  head  to  that  of  a  pea. 
The  presence  of  0.  ostertagi  in  young  cattle  is  commonly  associated 
with  an  anemic  condition  of  the  animals.  The  parasites  not  only 
apparently  suck  blood,  but  set  up  a  catarrhal  inflammation  in  spots 
on  the  stomach  wall,  where  the  nodules  are  numerous.  The  develop- 
ment of  the  parasite  is  evidently  direct,  without  intermediate  host. 
Following  infection,  the  larvae  penetrate  beneath  the  epithelium  of 
the  stomach  and  there  develop  to  maturity,  undergoing  two  molts  in 
the  process  of  growth. 

Ostertagia  circumcincta  (Stadelmanh,  1894)  RanRom,  1907. 

(Figs.  44^9.) 

1893:  Strongylus  vicarius  Stadelmann,  1893a,  pp.  219-220  (possibly  identical  with 

0.  circumcincta). 
1894:  Strongylus  drcumcinctus  Stadelmann,  1894a,  pp.  142-146,  figs.  1-2. 
1897:  StrongyltLs  cervicomis  McFadyean,  1897c,  pp.  48-63,  fig.  1,  pi.  1,  figs.  2-10. 
1897:  StrongyltLS  instabilis  Railliet  of  Julien,  1897e,  p.  544,  fig.  3a-c   (misdetermi- 

nation). 
1907:  Ostertagia  circumcincta  (Stadelmann,  1894)  Ransom,  1907k,  p.  2. 

Specific  diagnosis. — Ostertagia  (p.  54):  Lips  or  circumoral  papillae  indistinct. 
Head  about  18;i  in  diameter.  Cervical  papillae  210  to  350/t  from  anterior  end.  Cuticle 
with  about  30  longitudinal  ridges.  Esophagus  500  to640;t  in  length  by  about  12/i  in 
diameter  at  the  beginning  and  40  to  50/i  at  the  posterior  end,  surrounded  by  a  nerve 
ring  a  little  in  front  of  the  middle.  Excretorj*^  pore  in  the  neighborhood  of  the  nerve 
ring. 

Male  7.5  to  8.5  mm.  long  by  100  to  130/i  in  maximum  thickness.  Bursa  (figs.  45,  46) 
about  three  times  as  wide  as  the  maximum  thickness  of  the  body  when  both  wings 
are  spread  out.  The  latero- ventral  {I.  v.,  figs.  45. 46),  extemo-lateral  (e.  I.,  figs.  45, 46), 
and  medio-lateral  {m.  I.,  figs.  45,46)  rays  are  of  about  equal  thickness,  the  externo- 
lateral  ray  being  usually  the  thickest  of  the  three  and  all  are  thicker  than  the  other 
rays.  The  tips  of  the  extemo-lateral,  medio-lateral,  postero-lateral  {p.  I.,  figs.  45,  46), 
and  externo-dorsal  (c.  d.,  figs.  45,  46)  rays  are  separated  successively  by  nearly  equal 
intervals.  The  dorsal  ray  (d.,  fig.  46)  has  a  stem  50  to  60/(  long  with  branches  (/.  d., 
fig.  45)  about  40/1  in  length,  each  with  two  short  side  branches,  one  internally  near  the 
tip  and  the  other  externally  at  a  greater  distance  from  the  tip.  Spiculas  (fig.  47)  280 
to  320/(  long,  divided  distally  into  a  slender  tapering  pointed  inner  proceas,  and  a 
thicker,  slightly  longer  outer  process,  slightly  curved  ventrally  near  the  end  and 
truncated  at  the  tip.  Gubemaculum  or  accessory  piece  (gub.,  fig.  47)  with  lozenge- 
shaped  body  rounded  at  the  angles,  and  slender  posterior  process;  total  length  about 
90/1,  of  which  the  posterior  process  makes  up  about  two-thirds;  maximum  width 
about  30/1. 

Female  9.8  to  12.2  mm.  long  by  100  to  160/i  in  maximum  thickness  in  the  region  of 
the  vulva.  Vulva  situated  1.9  tc  2.3  mm.  from  the  posterior  end  of  the  body,  trans- 
versely elongated,  crescentic,  may  be  naked,  but  is  usually  covered  by  a  backward 
projecting  flap.  Anus  (an.,  fig.  48)  130  to  I6O/1  from  the  tip  of  the  tail.  Diameter  of 
the  body  at  the  anus  35  to  55/(.  Tail  gradually  attenuated  and  rounded  at  the  tip. 
A  short  distance  in  front  of  the  tip  the  tail  is  slightly  swollen  and  in  this  region  is 
marked  by  3  to  5  annular  striations  (fig.  49).     Combined  length  of  the  muscular  por- 
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Fig.  ^^-OHertagia  circumciTicta.    Male  at  left,  female  at  right.    *  Vulva.    X  15.    (Original.) 


Pio.  45. — Ostertagia  circumcineta.  Bursa  of  male  spread  out.  Ventral  view.  a.  b.,  accessory  bursal  mem* 
brane;  «.  d.,  extemo-dorsairay;  e.  2.,  extemo-lateral  ray;  {.  v.,Iatero-ventralray;  m. /.,medio-lateralray; 
p.  b.  p.,  pre-bursal  papiUo:  p.  L,  postero-lateral  ray:  t.  d.,  terminal  branch  of  dorsal  ray;  v.  v,,  ventre 
ventral  ray.    x  153.    r  Original.) 


DE8CEIPT10N. 


ni.l, 

PiO.  «.— OMrUfla  cfrcundncta.  Buna  of  male,  Tinred  (rom  rlgbt 
iMe.  rf,.  doitel  n;:  t.  i.,  extcmo-donal  ta;;  c.  1.,  eiteioo-IaMn] 
raj:  I.D.,Utcr»-venlrBln7;  m.  t.,  medlo-lalera]  rayj  p.  I.,  poatero- 
bktsml  my;  ». ».,  TenWo-veotml  ray,    x  300.   (OrlglnsJ,) 


FiQ.  i8. — Oitcrta^  ctrcunciiioa. 
Posterior  end  ol  body  ol  tc- 
maJcp  viewed  from  left  K[d& 

0y*i7.    X  110.    (OrlgiiuL) 


Via.   IS,— Oifrrtofia    i 


62        NEMATODES   PARASITIC   IN    ALIMENTARY   TRACT  OF  RUMINANTS. 

tions  of  the  ovijectora  including  the  sphincters  330  to  56D/c.  Eggs  75  U)  lOO/i  long  by 
35  to  50;z  wide. 

Hosts. — *Sheep  {Ovis  ancs);  *goat  {Capra  hircus);  *prong-homed  antelope  {Antilo- 
capra  americana);  *Newfoundland  caribou  (Rangifcr  terrsmovat). 

LocATioK. — Fourth  stomach  and  small  intestine. 

Localities  collected. — Europe,  United  States,  New  Zealand,  Australia. 

The  form  from  the  fourth  stomach  of  sheep  which  Stadehnaim 

(1893a)  referred  to  as  Strongylus  vicarius  may  possibly  be  of  the 

same  species  as  his  S.  circumcinctus.   .The  identity  of  S.  vicarius  will 

probably,    however,    always   remain  doubtful,   as   type   specimens 

apparently  were  not  preserved,  and  as  it  is  impossible  to  determine 

specimens  definitely  as  S.  vicarius  upon  the  basis  of  Stadelmann's 

description. 

Ostertagia  trifurcata  Ransom,  1907. 

(Figs.  60-54.) 

1907:  Ostertagia  trifurcata  Ransom,  1907k,  p.  2. 

Specific  diaoxosis. — Ostertagia  {p.  54):  ifa^ 6.5  to  7  mm.  longby  80  to  lOO/x  in  maxi- 
mum thickness  just  in  front  of  bursa.  Longitudinal  ridges  of  the  cuticle  frequently 
exhibit  a  very  finely  beaded  appearance.  Head  about  15/£  in  diameter.  Esophagus  460 
to  480/1  in  length  by  10//  in  diameter  anteriorly  gradually  increasing  in  thickness  poste- 
riorly, and  reaching  a  maximum  diameter  of  about  40/i.  Nerve  ring  about  230/*  from 
the  anterior  end;  cervical  papillae  300/z;  and  excretory  pore  290/i.  Bursa  (figs.  51,  52) 
about  300/x  in  width  when  both  wings  are  spread  out.  The  latero- ventral  (I.  v.,  figs. 
51,  52),  extemo-lateral  (e.  I.,  figs.  51,  52),  and  medio-lateral  (m.  /.,  figs.  51, 52),  rays  are 
thicker  than  the  other  rays  and  are  about  equal  in  thickness,  the  latero-ventral  ray, 
however,  being  slightly  the  thickest.  The  tips  of  the  extemo-dorsal  (e.  d.,  figs.  51, 52), 
postero-lateral  (p.  L,  figs.  51,  52),  and  medio-lateral  rays  are  separated  successively  by 
nearly  equal  intervals,  about  twice  as  great  as  the  interval  between  the  tips  of  the 
medio-lateral  and  extemo-lateral  rays.  The  stem  of  the  dorsal  ray  measures  40  to  50/t 
in  lengtli;  its  branches  (t.  rf.,  fig.  51)  35  to  40fi.  Each  branch  near  its  middle  has  a 
short  branch  on  its  outer  side,  and  near  the  tip  a  short  branch  on  the  inner  side  as  in 
0.  circumcincta.  Spicules  (figs.  53,  54)  150  to  180/x  long,  divided  distally  into  three 
processes,  one  long,  thick,  and  truncated  at  the  end,  and  two  considerably  shorter, 
thinner,  tapering,  and  sharply  pointed.  Gubemaculum  (giib.,  figs.  53,  54)  70  to  90/i 
long  by  10  to  15/£  in  width  anteriorly  and  drawn  out  into  a  slender  process  posteriorly. 

Female  unknown. 

Hosts. — *Sheep  {Ovis  aries);  *goat  {Capra  hircus). 

Location. — Fourth  stomach,  more  rarelv  small  intestine. 

Localities  collected. — United  States. 

Type  specimens. — Bureau  of  Animal  Industry  Helminthological  Collection,  No. 
4252,  collected  November  27,  1905,  at  Bethesda,  Md.,  by  Dr.  E.  C.  Stevenson  from 
the  fourth  stomach  of  a  sheep. 

This  species  has  been  found  several  times  in  small  numbers  in  sheep 
and  goats,  always  associated  with  0.  circumcincta, 

Ostertagia  marshalli  Ransom,  1907. 

(Figs.  55-58.) 

1904:  ILrmonchus  fip.  Marshall,  1904a,  p,  182. 
1907:  Ostertagia  marshalli  Ransom,  1907k,  p.  3. 

Specific  diagnosis. — Ostertagia  (p.  54):  Male  10  to  13  mm.  long  by  165  to  200/i  in 
maximum  thickness  at  base  of  bursa.  Head  15  to  20/x  in  thickness;  diameter  of  body 
at  base  of  esophagus  70  to  80//.    Cervical  papillee  340  to  415/i  from  anterior  end  of  body. 
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ray;  p.  1.,  post*ro-liit«rBl  my; 
reotnl »;.     X  3O0.    (Original. 


Spicule  aad  Jill 
iini.    Laismiview 
{pu6.,  giibrrtiacnlum 
X  300.    (Original.) 
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Esophagus  725  to  850/x  long  by  10  to  Ibji  in  diameter  anteriorly,  increasing  to  a  maximum 
of  50  to  60 ft  at  its  posterior  end,  the  increase  being  very  slight  and  gradual  until  the 
nerve  ring  is  passed,  then  there  is  a  sudden  increase,  then  a  gradual  increase  again  until 


FiQ  55.— Ottertoffia  marshaOi,    Male  at  right,  female  at  left.    ♦Vulva.    X  15.    (Original.) 

the  end  is  reached.  Nerve  ring  at  about  one- third  the  length  of  the  esophagus  from  its 
anterior  end.  Bursa  (fig.  56)  550  to  690/i  in  width  when  both  wings  are  spread  out. 
Dorsal  ray  (rf.,  fig.  56)  elender,  280  to  400/t  long,  bifurcated  200  to  280/x  from  its  base. 
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Each  branch  is  cleft  at  the  end.  near  which  is  alao  a  short  lateral  branch  on  the  outer 
side.  In  order  of  thickness  the  paired  rays  rank  as  follows:  Latero- ventral  (1.  r.,  fig. 
56),  extemo-lateral  (e,  L,  fig.  56),  and  medio-lateral  (m.  /  ,  fig.  56)  of  about  the  same 
maximum  thickness,  then  the  postero-lateral  (p.  I.,  fig.  56),  and  finally  the  extemo- 
dorsal  (e.  </.,  fig.  56),  and  ventre- ventral  ray  {v.  r.,  fig.  56),  the  last  being  the  shortest 
as  well  as  usually  the  most  slender.  The  tips  of  the  extemo-dorsal,  postero-lateral,  and 
medio-lateral  rays  are  separated  successively  by  nearly  equal  intervals,  about  half  as 
great  as  the  interval  between  the  tips  of  the  medio-lateral  and  extemo-lateral  rays. 
The  latter  interval  is  about  equal  to  that  between  the  tips  of  the  extemo-lateral  and 
latero- ventral  rays.  The  tips  of  the  extemo-dorsal,  medio-lateral,  and  extemo-lateral 
rays  usually  fall  a  little  short  of  the  margin  of  the  bursa.  Accessory  bursal  membrane 
(a,  6.,  fig.  56)  65  to  75/i  long  by  70ft  wide;  its  supporting  rays  about  65/i  long.  Spicules 
(fig.  57)  250  to  280/i  long,  light  yellowish-browii  in  color  and  rather  delicate  in  stmc- 


FiQ.  SC—OtUrtoffia  marahaUi.  Bursa  of  male  spread  out.  a.  6. ,  accessory  bursal  membrane:  d. ,  dorsal  ray: 
e.  d.,  externo-dorsal  ray;  €.  I.,  extemo-lateral  ray;  I.  v..  latero-ventral  ray;  m.  I.,  medio-lateral  ray; 
p.  {., postero-lateral  i^;  F.  r.,  ventro-ventral  ray.    X  150.    (Original.) 

ture,  split  lengthwise  in  the  posterior  fourth  to  form  three  terminal  processes,  two 
ventral  and  one  dorsal.  The  last  i.s  shorter,  broader,  thinner,  and  less  conspicuous 
than  the  other  (wo,  both  of  which  are  slender.  The  outer  ventral  branch  is  the  longest 
and  terminates  in  an  acute  point.  The  end  of  the  inner  branch  is  conical,  with  a 
short,  blunt,  recurved  barb.     A  gubernaculum  is  absent. 

Female  12  to  20  mm.  long  by  200  to  260/£  in  maximum  width  in  the  region  of  the 
vulva.  Head  15  to  20;i  broad;  diameter  of  body  at  base  of  esophagus  85  to  100//, 
at  anus  40  to  60/(.  Cervical  papillae  325  to  4Q0fi  from  anterior  end  of  body.  Esophagus 
700  to  900;t  long,  similar  in  shape  and  thickness  to  that  of  the  male.  Nerve  ring  about 
one-third  the  length  of  the  esophagus  from  its  anterior  end.  Anus  {an.f  fig.  58)  200 
to  300/c  from  the  tip  of  the  tail.  The  tail  is  slender,  gradually  attenuated  and  rounded 
at  the  tip.  The  vulva  is  a  transverse  slit  about  125/t  long,  situated  2.5  to  5  mm.  from 
the  tip  of  the  tail,  naked  or  covered  by  a  backward  projecting  flap.    Combined  length 

64987**— Bull.  127—11 5 
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of  muscukr  portiooe  of  ovijectorc,  iniliKtiiig  the  HphiDClens,  about  5T5/i.     Eggs  Uige, 
160  to  200;i  long  by  75  U>  100;i  broail . 

Hoer. — *Shcep  {Ovi»  arift). 

LoCiTioN. — Fourth  Blomaeh,  more!  rarely  Bmall  inkwiinc. 

Locality  collected. — MonUna. 

Type  bpecime-vs. — Bureau  of  Animal  Industry  llclminthologicid  Collection  No. 


4(189,  (.■ullpctcd  Febniary  12,  1907,  at  WashinBlon,  I).  <■.,  by  Dr.  E.  C.  Stevenson  from 
a  pheep  received  from  Mrmtana. 

This  species  whs  first  collccteil  by  Dr.  H.  T.  Marsliall  and  Prof. 
V.  K.  Chesnut  in  Montana  and  has  so  far  been  found  only  in  that 
State  or  in  sheep  which  Imve   been  broiiglit  from  there.     At  the 


DESCRIPTION. 


67 


present  time,  therefore,  it  seems  to  bo  confined  to  the  Rocky  Moun- 
tain region  of  the  United  States. 

Ostertagia  occidentalis  Ransom,  1907. 

(Figs.  S9-61.) 

1907:  Ostertagia  occidentalis  Ransom,  1907k,  p.  3. 

Specipic  diagnosis. — Ostertagia  (p.  54):  Male  12  to  16  mm.  long  ])y  200  to  240/i  in 
maximum  thickness  at  base  of  bursa.  Head  15  to  18;< 
in  diameter;  diameter  of  body  at  base  of  esophagus  95 
to  100//  Esophagus  820  to  980u  long  by  12  to  14/t  in 
diameter  anteriorly  and  50  to  65/i  in  diameter  at  the 
posterior  end.  It  increases  slightly  and  gradually  in 
diameter  until  it  passes  the  nerve  ring,  and  there 
undergoes  a  sudden  increase,  after  which  it  again 
increases  gradually  toward  the  posterior  end.  Nerve 
ring  280  to  300/£  and  cervical  papillae  350  to  400/1  from 
the  anterior  end  of  the  body.  Bursa  (fig.  60)  650  to 
740/£  wide  when  spread  out.  Dorsal  ray  (<f.,  fig.  60), 
280  to  300/i  long,  bifurcated  at  a  distance  of  about 
200/(  from  its  origin.  Each  branch  is  cleft  at  its  ex- 
tremity and  bears  a  short  lateral  branch  on  its  outer 
side  near  the  end.  In  order  of  thickness  the  paired 
rays  usually  rank  as  follows:  Thickest,  extemo- 
lateral  (e.  Z.,  fig.  60),  then  latero- ventral  (I.  v.,  fig. 
60),  and  medio-lateral  (m.  /.,  fig.  60),  of  very  nearly 
the  same  size,  then  postero-lateral  {p.  Z.,  fig.  60), 
extemo-dorsal  (e.  (/.,  fig.  60),  and  ventro- ventral 
(r.  v.,  fig.  60).  The  tip  of  the  extemo-lateral  ray  is 
almost  equidistant  between  the  tips  of  the  latero- 
ventral  and  medio-lateral  rays,  the  intervals  be- 
tween these  three  being  more  than  twice  as  great  as 
the  nearly  equal  intervals  which  separate  succes- 
sively the  tips  of  the  extemo-dorsal,  postero-lateral, 
and  medio-lateral  rays .  The  tips  of  the  extemo-dorsal 
and  externo-lateral  rays  fall  some  distance  short  of  the 
margin  of  the  bursa.  The  accessory  bursal  mem- 
brane (a.  b.,  fig.  60)  is  about  60/i  long  by  50/i  wide, 
with  supporting  rays  about  40//  long.  The  spicules 
Cfig.  61),  290  to  320/t  long,  are  strongly  built,  dark 
yellowish-brown  in  color,  and  very  prominent  fn 
appearance.  They  are  divided  lengthwise,  begin- 
ning a  short  distance  posterior  of  the  middle,  into 
three  terminal  processes,  two  ventral  and  one  dor- 
sal. The  outer  ventral  process  is  the  longest  of  the 
three,  obliquely  truncated  at  the  end,  the  inner  pro- 
cess the  shortest  and  slenderest,  terminating  in  a 
short  mucronate  point.  The  dorsal  process  is  inter- 
mediate in  length  and  is  the  thickest  of  the  three, 
being  slightly  thicker  than  the  outer  process.  It 
terminates  in  a  rounded  conical  tip  set  off  from  the 
rest  of  the  process  by  a  transverse  ridge  on  the  dorsal  side.  Gubernaculum  (vwfe., 
fig.  61),  about  120//  long  by  15  to  20//  wide  anteriorly,  more  slender  posteriorly,  very 
inconspicuous. 

Female  unknown. 

Host. — ♦Sheep  (Ovis  aries). 

Location. — Fourth  stomach,  more  rarelv  small  intestine. 


FiQ.  69.—  Ostertagia     occidentalis. 
Male.    X  15.    (Original.) 
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Locality  collected. — Montana. 

Type  specimens. — Bureau  of  Animal  Industry  Helminthological  Collection  No. 
4691,  collected  February  12,  1907,  at  Washington,  D.  C\,  by  Dr.  E.  C.  Stevenson, 
from  a  sheep  received  from  Montana. 

This  species,  like  Ostertagia  marsJialli,  appears  to  be  confined  to  the 
Rocky  Mountain  region.  It  has  been  collected  several  times  from 
Montana  sheep,  always  associated  with  0.  marshdUi, 


Fig.  CiO.—Ostertaffia  occidentalis.    Posterior  end  of  body  of  male,  with  bursa  spread  out.    Ventral  view. 

0.  6.,  accessory  bursal  membrane',  rf.,  dorsal  ray;  e.  d.,  extemo-<Iorsal  ray;  e.  /.,  extemo-Iateral  ray; 

1.  v.,  latero-ventral  ray;  m.  /.,  medio-lateral  ray;  p.  b.  p.,  pre-bursai  papilla;  p.  /.,  postero-lateral  ray; 
0.  r.,  ventro-ventralray.    x  150.    (Original.) 

Ostertagia  mentulata  Railliet  and  Ilenry,  1909. 

(Figs.  62-«3.) 
1909:  Ostertagia  inenlulata  Railliet  and  ITenry,  1909a,  p.  87  (from  Camrlus  dromedarius, 
India). 
Specific  diagnosis.— O^/^rta^ia  (p.  54):  Cuticle  marked  with  about  30  longitudinal 
lines.    Cervical  papillae  350/x  (in  female)  to  450/i  (in  male)  from  the  anterior  end. 
Esophagua  7oOpL  (in  female)  to  1  mm.  (in  male)  in  length. 
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UaU  6.5  to  7.5  long.  Membranous  wiiigs  prepcnt  along  tho  lateral  lines  in  the 
poHtirior  portion  of  the  body.  Spicules  long  (700,i),  with  pinctT-like  lermination 
90/1  long.  One  of  the  brancbcn  of  the  pincpr  ix  n  littly  longer  than  the  olher,  ending 
in  a  hammer-Hhaped  hook. 

Female  8  to  10  ram.  long.  Vulva  in  the  posterior  fifth  of  the  bcKiy.  Tail  bluntly 
pointed. 

Host. — *Ai&bian  camel  {Cameiui  dromedoTva). 

Location. — Fourth  Btomach. 

Loc&unES  COLLECTED.— India,  United  States. 

The  foregoing  diagnosis  is  taken  from  the  bripf  dpsrription  given 
by  Railliet  and  Henry  (1909a). 
ITie  Bureau  of  Animal  Industy 
collection  contains  specimens 
apparently  belonging  to  this  spe- 
cies collected  from  the  stomach 
of  adromedary  which  died  at  the 
National  ZoologicalParkjWash- 
ii^on,  D.  C.  The  accompany- 
ing drawings  were  made  from 
these  specimens. 
OBtertagi«  bi^tnliaca  BUnchard,  1909- 
1909:  Otlertagia  briganliaca  Blanchard 
in  R&illieCand  Henry,  1909a, 
p.  87  (from  CfaamoiB,  France). 

Specific  diaonosib. — Oaterlagia 
(p.  64}:  Male  4.25  to  5  mm.  long, 
Spicules  210/1  long.    Bursa   unilobed. 

with  poeteriur  ray  aa  long  as  the  bursa.  /"\ 

Trunk  of  the  poeterior  ny  five  timee 
the  length  of  its  branches. 

Femalt  6  to  7  mm.  long. 

Host. — Chamois  (Rup*capra  mpita- 
pra). 

Location  . — Duodenum. 

LocAUrr  collected.— France. 
The  foregoing  description  ia 
taken  from  the  brief  description 
eiven    bv   Railliet   and    Henrv     fvi.6\.-o>ittMtiinieciientaiu.  sptcum and gubei- 

7,  ^«n    ,  naculum  ol  male.    Ventral  view.    pi4.,gub«niani- 

(1909a).  l„m,     x  3«,.    (OrlglDiil.) 

Genus  COOPBRIA  Ransom,  1907. 

1907:  Cooprria  Ransom,  1907k,  pp.  3-^. 

Gbnbric  duonosis. — Hetaatrongylime  (p.  47):  Head  rounded,  relatively  thick,  25p 
or  more  in  diameter,  without  well  marked  lips  or  papillte.  Cuticle  of  head  region  trans- 
veieely  striated,  and  often  dilated,  giving  the  head  a  swollen  or  bulbous  appearance. 
Cuticleof  remainder  of  body  with  14  to  16  longitudinal  lines  or  ridgee.  From  asurface 
view  each  longitudinal  line  or  ridge  appears  to  be  made  up  of  a  row  of  small  punc- 
tationa  standing  close  together,  which  resemble  striationa  perpendicular  to  the  surface 
of  the  body  when  the  longitudinal  line  or  ridge  is  viewed  from  the  side.     Cervical 


ffui:- 
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papillae  absent.  Mouth  cavity  nmall,  indefinite.  Ihirsa  of  male  with  two  lateral 
lobes  and  a  nmall  median  lolx*.  Yen tn>- ventral  ray  phort  and  i<lender,  curving  for- 
ward.    Distal  porti(m  of  latero-ventral  ray  curves  forwanl,  while  the  distal  portion 

of  the  extemo-lateral 
ray  turns  backward  so 
that  the  tips  of  these  two 
rays  are  far  apart.  The 
other  lateral  rays  and 
the  extemo-dorsal  ray 
also  turn  backward  and 
their  tips  are  near  the 
posterior  border  of  the 
bursa,  separated  by  short 
intervals.  The  unpaired 


FlO.  fS2.—0steriag{a  menlulata.  Posterior  end  of  body  of  male, 
with  bursa  partially  spread  out.  Ycntral  view.  a.  b. ,  accessory 
bursal  membrane;  e.  d.,  extemo-dorsal  ray;  f,  /., extemo-lateral 
ray;  /.  v.,  latero-ventral  ray;  m.  /.,  medio-lateral  ray;  p.  h.  p., 
pre-bursal papilla;  p.  I. , postero-lateral  ray;  t.  d. ,  terminal  branrh 
of  dorsal  ray;  p.  v.,  ventro-ventral  ray.    X  loO.    (Original.) 

dorsal  ray  is  divided  into  two  prominent  branches  which 
may  be  parallel  or  curved  so  as  to  form  together  a  lyre- 
shaped  or  horseshoe-shaped  structure.  Each  branch  may 
or  not  be  cleft  at  the  end.  From  each  main  branch,  usually 
near  its  junction  with  the  stem  of  the  dorsal  ray,  a  short 
branch  extends  ventrally  into  a  vesicular  swelling  on  the 
inner  surface  of  the  bursa.  Spicules  short.  Gubernac- 
ulum  or  accofwory  piece  absent.  Prebursal  papillae 
absent.  Vulva  in  the  posterior  fourth  of  the  body, 
elongated  tran.Mversely  or  longitudinally.  Ovij(H-tors  well 
developed.  Eggs  oval  with  thin  shells  measuring  60  to 
80;£  in  length. 

Type  species. — Cooptrin rurtini  {Ka,i\]\Q\ ,  1S98)  Railliet 
and  Henry,  1909. 

Four  species  of  Coo  per  ia  occur  in  ruminants, 
and  all  of  these  have  been  found  in  America. 

KEY   TO    SPECIES    OF   COOPERIA. 


V^ 


Yj 


/I 


'^uA 


1 .  Spicules  of  male  less  than  200/*  in  length 2 

Spicules  more  than  200/t  in  length 3 

2.  Branches  of  the  dorsal  ray  of  bursa  curved  to  form  a  lyre- 

shaped  structure;  spicules  135  to  145/i  long;  vulva 
of  female  a  trans verpe  slit;  male  4.6  to  5.4  mm.  long, 
female  5.8  to  6.2  mm.  long. .  Cooperia  curticex,  p.  71 
Branches  of  the  dorsal  ray  of  bursa  nearly  straight,  almost  parallel;  spicules  120 
to  150/£  long;  vulva  of  female  crescentic  in  shape,  elongated  longitudinally; 
male  4.7  to  5.9  mm.  long,  female  5.7  to  7.5  mm.  long. .  .Cooperia  punctata,  p.  74 


Fia.  G^i.—OsUrtagia  mmtviattu 
Sj)ieules  and  ^ibernaculum 
of  male.  Ventral  view. 
gub.,  gubernncnlum. 
V  300.    (Original.) 
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3.  Main  bmnchee  ot  the  dorsal  ray  of  tho  buraa  rather  widely  divergenl,  forming  a 
U-ahaped  anjh  with  cleft  tipe;  spicules  240  to  300fi  long,  gradually  reduced  in 
size  poeteriorly;  terminal  portion  of  tail  o(  female  marked  witli  aanular  slri- 
atioDBi  body  much  swollen  in  region  of  vulva;  combined  length  of  muscular 
portiona of  ovij{>cU>ra  about  TOO/i;  ma1e5.5lo9  mm.  long,  femaloS  toS  mm. long. 
Coopfia  oncopbora,  p.  77 
Main  branchee  of  the  doraal  ray  of  the  buraa  ratber  close  together,  parallel,  with 
uncleft  tipe;  apiculea  240  lo  300ji  long  with  a  prominently 
projecting  corrugated  edge  in  tho  middle  third;  terminal 
portion  of  very  sharply  pointed  tail  of  female  not  marked 
with   annular   Btriationa;   combined    length    of   muscular 
portiona  of  ovijectore  about  300^;  male  about  7  mm.  long, 
female  7.5  to  9  mm.  long Cooptria  pectinata,  p.  SI 

Coopttria  ciutlcei  (Railliet,  1893)  RailHet  and  Henry,  1909. 

(Figt.  64-n.) 
1890:  Strongylut  ventrimsuii  Rudolphi  of  Curtice,  1890c,  pp.  149- 
150,  pi.  20,  ligs.  1-9  (in  part). 


1892:  S(ron!jyiu*mr(irit Giles,  1892d.  p.  41>(=.S.  i 

of  Curtice,  18U0,  renamed). 
1893:  Strongylia  carticei  Railliet,  1893a,  p.  442  {emendation  of 

S.  cuTtieii). 
1907:  Cooperia  nirttdi  (Giles)  Ranaom,  1907k,  pp.  5-4. 
1909:  Coopmaciirlim  (RaillipO  Raillipt  and  Henry,  1909a,  p.  87. 
SPBCinc  riAONoais. — Cooperia  (p.  69):  Anterior  end  of  body 
usually  coiled  apirally  (fig.  64).     Head  28   to  f/Op  in  diamcHT. 
varying  according  to  the  d*^oo  of  CTpanaion  of  the  cuticle.      Fio.  as.— roopo-iami^ 
Esophagun  250  to  275/i  long  in  the  male  and  255  to  290^  long  in        ticti.    Anterior  «Dd 
the  female;  diameter  at  tho  anterior  end  af>out  20/i,  soon  dix-reas-       of  body.   Lbi?  ral 
ing  to  about  15fi,  and  then  gradually  inrrea.sing  to  about  30  to  35/i        ^j,  ,'  '  '^^^ 

al  its  posterior  end.     Norvering  situated  near  the  Iw^ginningof  the 
posterior  fourth  ot  the  esophagus.     Excretory  pore  opening  on  the  ventral  Burfaoe  ot 
the  body  10  to  20;i  behind  the  posterior  end  ot  the  esophagus. 

Male  4.n  to  5.4  mm.  long  liy  75  to  SO;i  in  maximum  diameter.  Bursa  (flga.  66,  67) 
about  300/1  wide  when  Ixith  wings  are  spread  out.  The  tipa  ot  all  of  the  paired  refi 
are  very  close  to  the  edge  of  the  bursa.  The  ventro-ventral  ray  (v.  v.,  figs.  66,  67)  is 
the  shortest  and  most  slender  ot  the  paired  rays.  Next  in  order  of  thicknesa  is  the 
extemo-doraal  (c.  rf.,  figs.  66,  67),  then  the  postero-lateral  (p.  I.,  Jigs.  66,  67),  modio- 
lab-ral  (m.  l,  figs.  66,  67),  eitemo-lateral  (e.  I.,  figs.  66,  67),  and  finally  the  thickest 
is  the  latero-ventral  ray  (I.  r.,  (iga.  66,  67).  The  extemo-laleral  is  almost  but  not 
quite  equal  in  thicknesa  to  the  laK'rn- ventral  ray.  The  sicin  of  the  dorsal  ray  (rf,, 
fig.  66)  and  its  branches  are  each  about  35/i  long.  Tho  latter  (i.  d.,  figs.  66.  C7)  are 
curved  so  as  to  form  a  lyre-shaped  atmcture,  each  is  clett  at  the  end,  and  gives  oft  a 
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Fia  66,—  Cooptiia  niWdW.  Poalerior  end  of  body  o(  male  wllh  buraa  spread  oiit.  Vwitral  view.  i.  v., 
v«Dtm  branch  of  doraal  ray;  i.  rj.,  f  xltmo-domal  ray;  r.  I..  pxwmo-Ulwal  ray;  J.  r.,  Ut*n>-v*nlral  ray: 
nt.  I.,  ni«dli>lal*rBl  ray;  p.  I.,  posIiTU-loltnil  ray;  tp,,  spicule;  (.  i,,  ifrminal  branch  ot  dotsal  ray; 
e.  t.p  venlro-vtntnilray.    >,  300.    (Original.) 


to.  t7.—  Cboptrla    curiitil.     Bursa    D[   r 

imli-, 

FlQ.  ri9.—  Coopnia  aaticri. 

vlewfd  from  right  sl.lf.    d.,  dorsal  ray;  . 

Fio.  ' 

Spicule  olmal*.   iJiUf 

ventral  branch  ot  dorsal  my;  (.  i.,  txu 

■mo- 

.   SplrulfsofniaU 

alvlew.    xaco.  (Orlgl* 

.,  mnllo-hilera]  my;  p.  t., 
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ventral  branch  (rf.  v..  figs.  66,  67)  at  iU  origin.  Rpii-ulcB  (figa.  68.  69;  ip.,  fig.  66)  135 
to  H5/(  lonj*.  In  tho  middle  region  of  the  spiculi'  tlic  ventral  edge  forms  a  thin  prom- 
inent projection  marked  on  the  inner  Hurfacc  with  comigaliona  at  right  angles  to  the 

Prmale  6.8  to  6.2  mm.  long  by  75  to  lOO/i  in  maximum  thickneee.  Vulva  (vul.,  fig. 
TO)  a  tianaverBe  slit  about  SO/i  in  length,  surrounded  by  cfaitinous  lip«,  and  Eituat«d 
1.25  to  1.4  mm.  fmm  the  posterior  end  of  the  bo<ly.  Tail  (fig.  71)  slender,  acutely 
poinlPii,  110  to  lliO/i  in  Icngtli.     Combinfii  length  <it  inii«'nliir  porlioni"  of  iivijecti.rs 


Bodv  of  [tniBle  In  rfglon  ol  ^      „       „         ,  .    , 

vulvB  Viewed  iron*  nent  side.  n    ^    ,  ^    •  i    .       . 

..    ,  Poslerlor  end  ot  boily  ol 

i™'g;,;:;Z:?;.S  J;  ■•"■-■  *'"'  ■t„T 

erij.  t.  spWiicWr  or  ovljeclor;  Msiii/u'  ulfni*.    x'am' 

ad].  J,  non-muscular  portion  rOrlrlnni  V 

of    ovljecWr;    tml.,    Tiilra.  ,'      ^""'•J 
X  ISO.    (OrlglnBl). 

(m-ij.  J-2,  fig.  70)  including  the  sphincters  375  to560;i.     The  eggs  (f.,  fig.  70lareinthe 
morula  stage  when  laid,  measuring  6!}  lo  70/i  in  length  hy  .10  to  3'J/i  in  width. 

Hoars.— 'Sheep  {Oii»  anft);  'goat  (Copra  Hmt). 

IjOCati  ON  .—Small  intestine,  more  rarely  fourth  stomach. 

lA>CAiJTiEa  coLLBCTEn.— Unit^'d  States  and  (?)  Europe. 

Cooperia  curticei  was  originally  described  by  Curtice  (1890c)  under 
the  name  of  Strongi/lus  ventncosus  Rud.  Giles  {1892d),  recognizing 
certain  differences  between  Curtice's  species  from  aheep  and  Ru- 
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dolphins  species  from  Cervus  elaphus^  renamed  the  former,  Strong u^ 
lus  curtidij  a  name  which  was  corrected  to  S.  ciirticei  by  Railliet 
(1893a). 

Curtice's  description  is  evidently  based  on  more  than  one  species, 
as  he  has  shown  in  his  figure  2  a  female  which  is  distinctly  different 
from  the  form  shown  in  his  figure  7.  The  latter,  he  says,  is  more 
characteristic  of  the  species  than  that  of  figure  2,  but  is  not  quit« 
mature.  The  fact  that  he  figures  eggs  in  the  uterus  in  figure  7,  how- 
ever, indicates  the  maturity  of  the  worm  from  which  the  drawing 
was  made.  I  have  filways  found  associated  with  males  correspond- 
ing to  Curtice's  figures  1,  8,  and  9,  mature  females  corresponding  to 
Curtice's  figure  7,  and  agreeing  perfectly  with  the  males  as  to  the 
head  and  the  markings  of  the  skin,  so  that  there  is  but  little  ques- 
tion as  to  their  belonging  to  the  same  species.  In  these  females  the 
size  of  the  eggs  (63  to  70/i  by  30  to  32/x)  is  much  smaller  than  that 
given  by  Curtice  (0.13  mm.  long  by  0.07  mm.  wide),  who  possibly 
took  his  measurements  from  females  corresponding  to  his  figure  2. 
There  is  a  discrepancy  between  his  description  of  the  length  of  the 
spicules  and  the  length  as  indicated  in  his  figure  1.  He  gives  0.36 
mm.  as  the  size  of  the  spicules,  but  in  the  figure  of  a  male  drawn  to  a 
magnification  of  about  27  times  (as  may  be  determined  by  comparing 
the  length  of  the  line  on  the  plate  indicating  the  natural  size  of  the 
worm  with  the  length  of  the  magnified  worm)  the  spicules  are  shown 
as  a  little  less  than  4.5  mm.  in  length,  wliich  divided  by  27  gives  an 
actual  length  of  not  over  165;/.  This  is  fairly  close  to  the  length 
135  to  145;«  found  in  specimens  which  I  consider  unquestionably  of 
the  same  species  as  that  figured  by  Curtice.  A  further  apparent 
error  in  Curtice's  description  and  figures  is  that  of  showing  the  ven- 
tro-ventral  ray  of  the  bursa  split  lengthwise,  a  condition  not  found 
in  any  specimens  examined  by  me.  I  have  also  failed  to  find  any 
appearance  of  transverse  striation  of  the  cuticle  except  in  the  head 
region,  while  Curtice's  description  indicates  that  tlie  body  is  trans- 
versely striate  throughout.  Taking  everything  into  consideration, 
however,  there  can  be  no  reasonable  doubt  that  the  form  which  I 
have  described  above  is  the  true  Strongylus  curticeL 

The  form  from  European  cattle  which  Schnyder  (1906b,  pi.  2, 
fig.  5)  figures  as  Strongylus  curticei  Giles,  and  specimens  of  wliich 
I  have  had  the  priviledge  of  examining  through  the  courtesy  of  Doctor 
Schnyder,  is  not  that  species  but  evidently  Cooperia  oncophora, 

Cooperia  punctata  (Linstow,  1907)  Random,  1907. 

(Figs.  72-77.) 

J906:  Strongylus  pp.  Schnyder,  1906b,  pp.  182.  183,  180,  103,  194,  195,  196,  199,  204, 

245,  249,  264,  pi.  1,  figs.  2-3. 
1907:  Strongylus  punctatvs  Linstow  in  Schnydor,  1907d,  pp.  708-709, 
1907:  Cooperia  punctata  (Schnydor,  1907)  Ransom,  1907k,  p.  3. 
1907:  Strongylmdes  boiis  Vrijbiirg,  1907k,  pp.  321-327,  pis.  1-2  (at  lea.st  in  part). 
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'int. 


Yia.li.—  CarptTiapaTitUila.    UBieat rl^ht. tfinalf  st left.    •Vulva,    x  IS,    (OTlglnta.) 

Flo.  73.— iT»pn-Jo  pundafn.    Bursa  of  male,  vipweiilroiiiriKhtsiile.    ((..flonailray;  d.  (..vcQtmlb.aj 

■lorsal  rj.y;  i.  J.,*i[lenio-tior5alrBy;  t.  I.,e\irrni>-liiiprul  my;  /  i-,,hiietp-vpntnilrBy-  in.;.,inflio-l 

my;  p.  I.,  postwo-lalsral  ray;  (.  J.,  Ipniilnal  branrh  o(  tloraal  ray;  P.  ",,  venlnn-Hiiral  ray.    > 

(Urtglnal.) 
Fin,  7-1. —  Cooprria  punctala.    Spicules  of  male.    VpnIraL  vifv.    X  300.    (Orlglna].) 
FlQ.  7S.— n»prrla  pundoli.    Spicule  of  male.    Laleral  view.    X  300.    (Orl^^lnal.) 
Fic.  n.—CoopiTia  jmndBlB,    Body  of  [pinule  In  region  of  vulva,  viewed  from  right  side,    r.,  egg: 

ovary;  oFij.  J.Umilnal  portion  of  ovIJedDr;  oey.'.sphlneier  of  ovijeeior;  wlj.  .1,  nonmuKular  p. 

Fin.  77.— rbnpiTJa  punelala.    Poslerlor  enri  of  body  of  female,  vieweil  from  tight  slite.    in.,  ntius 
Intntliie;  or.,  ovary,    x  ^W.    (nrl(lnal.) 
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Fia.  79.—  COopcria  oncophora.  Pteurkir  e 
dorsal  my;  i.  c,  vemrnl  branch  of  don 
Istpro-vrntral  ra>';  m.  I. ,  mpdlo-lalf lal  I 
dI dorsal  ray;  ij.  ii.,  veulro-vsnlral  ray. 


id  of  bod;  of  m»lc,  with  bnran  spned  out.  Voitra)  vlnr.  d., 
il  ray;  *.  d.,  exienio-dorMl  ray;  (.  I.,  «l*mo-l»l«r«l  tsy;  1 1., 
y;  p.  I.,  postrro-lBleral  ray;  fp.,  spicule;  t.d.,  Utmliial  bnudl 
■  im.    (Original.) 
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Specific  diagnosis. — Cooperia  (p.  69):  Head  30  to  55/£  in  diameter,  varying  ac- 
cording to  the  degree  of  expansion  of  the  cuticle.  Esophagus  255  to  360/i  in  length 
in  the  male  and  300  to  340/£  in  length  in  the  female,  surrounded  by  a  nerve  ring  at 
a  distance  of  about  three-fourths  of  its  length  from  the  anterior  end.  The  esophagus 
is  about  20/1  in  diameter  at  its  beginning,  is  then  reduced  in  size  for  a  short  distance, 
after  which  it  gradually  increases  to  a  maximum  of  30  to  35/c  at  its  posterior  end. 

Male  4.7  to  5.9  mm.  long  by  70  to  100/i  in  maximum  diameter  at  the  base  of  the 
bursa.  The  latero-ventral  ray  (1.  v.,  fig.  73)  is  considerably  more  slender  than  the 
extemo-lateral  ray  (e.  2.,  fig.  73),  which  is  the  thickest  of  all  the  rays.  The  latero- 
ventral  ray  (l.  v.,  fig.  73)  comes  next  in  thickness,  then  the  medio-lateral  (m.  I.,  fig. 
73),  postero-lateral  (p.  /.,  fig.  73),  extemo-dorsal  (e.  rf.,  fig.  73),  and  finally  the  ventro- 
ventral  ray  (v.  v.,  fig.  73),  which  is  the  most  slender  of  the  paired  rays.  The  tips  6t 
the  rays  are  close  to  the  edge  of  the  bursa  except  that  of  the  extemo-dorsal  ray,  which 
is  some  distance  from  the  edge,  the  extemo-dorsal  ray  being  proportionately  shorter 
in  this  species  than  in  C.  curticei.  Of  the  paired  rays  the  tips  of  the  medio-lateral 
and  postero-lateral  rays  arc  the  most  closely  approximated  to  each  other.  The  stem  of 
the  dorsal  ray  ((/.,  fig.  73)  and  its  branches  are  about  equal  in  length  to  those  of  C. 
curticei,  the  stem,  however,  being  somewhat  longer,  about  40/c  in  length,  with  branches 
30  to  35/1  in  length.  As  in  C.  curticei  the  branches  {t.  d,  fig.  73)  are  usually  cleft  at 
the  end,  and  each  gives  off  a  ventral  branch  {d.  v.,  fig.  73)  at  its  origin,  but  they  differ 
from  those  in  the  other  species  in  being  nearly  straight  and  almost  parallel  instead  of 
forming  a  lyre-shaped  stmcture.  The  spicules  (figs.  74,  75)  measure  120  to  150/t  in 
length,  are  without  corrugated  markings,  but  exhibit  near  the  middle  on  the  ventral 
side  a  deep  concavity. 

Female  5.7  to  7.5  mm.  long  by  65  to  75/i  in  maximum  diameter  in  the  region  of  the 
vulva.  The  vulva  {yuL^  fig.  76)  has  prominent  chitinous  lips,  is  crescentic  in  shape, 
elongated  longitudinally,  measures  40  to  50/c  in  length,  and  is  situated  1  to  1.5  mm. 
from  the  posterior  end  of  the  body.  The  tail  (fig.  77)  is  slender,  tapering,  acutely 
pointed,  slightly  concave  ventrally,  very  similar  in  shape  to  that  of  C  curticei.  The 
anus  (an.y  fig.  77)  is  located  135  to  160/i  from  the  tip  of  the  tail.  Combined  length  of 
muscular  portions  of  ovijectors  (out;.  1-2^  fig.  76),  including  the  sphincters,  250  to 
275/1.    The  eggs  (6.,  fig.  76)  measure  65  to  72,a  in  length  by  30/(  in  width. 

Host. — ^*Cattle  (Bob  taunts). 

Location. — Small  intestine  and  fourth  stomach. 

Localities  collected. — Europe,  United  States,  Sumatra. 

Comparison  of  European  specimens  (B.  A.  I.  Coll.  Nos.  15726, 
15729,  15732,  15733,  presented  by  Dr.  O.  Schnyder)  with  specimens 
from  American  cattle  has  demonstrated  the  identity  of  the  European 
and  American  forms. 

The  form  from  cattle  in  Sumatra  described  by  Vrijburg  (1907k, 
pp.  321-327,  pis.  1-2)  and  named  by  him  Strongyhides  hovis,  is  very 
clearly  not  a  Strongyhides.  His  description  and  figures  indicate 
that  he  was  deahng  with  Cooperia  pundaia,  in  part  at  least. 

Cooperia  oncophora  (Railliet,  1898)  RanHom,  1907. 

(Figs.  78-82.) 

1803:  Strongylus  radiatus  Rudolphi,  1803a,  pp.  13-15  (in  part;  see  Schneider,  1866a, 

p.  139). 
1866:  Strongylus  ventricosus  Rudolphi  of  Schneider,  1866a,  pp.  129,  131,  132,  139, 

144  (in  part). 
1898:  Strongylus  oncophorus   Railliet,    1898b,    p.    173    (.S\    ventricosus    Rudolphi  of 

Schneider,  1866,  renamed). 


NEMATODES  PARASITIC   IN   ALIMENTARY   TRACT  OF   RUMINANTS. 


"te. 


Fig,  so.— CMjicrfa  ixucpAora.  B  una  ol  male,  viewed 
[rom  right  side.  d.. dorsal  ny:  d.  r. ,  veDtral  bnincb 
ol  dorsal  ray;  <.ii.,HtcniD-dorsal  ny;t.l.,tx\»aa>- 
lateral  ray;  I.  o.,  lal«ri>v*ntfol  raj;  m.  I.,  medlo- 
latfTBtray;  p.  (..poslenv-lateiai  ray;  [.  rf . ,  tf nnlnsl 


X  100.    (OrljlDal.) 


il  ray;  i 


enlral  n 


PcBl  prior  end  ol 
rlnhlsLde.  m,., 
p.    X300.  (Orig- 


DESCRIPTION.  79 

1906:  Strongylus  eurticei  Giles  of  Schnyder,  1906b,  pp.  169,  181,  182,  183,  190,  191, 
192,  193,  194,  199,  204,  205,  207,  245,  246,  247,  249,  251,  256,  258,  259,  264, 
pi.  2,  fig.  5  (misdetermination). 
1907:  Cooperia  oncophora  (Railliet,  1898)  Ransom,  1907k,  pp.  3-4. 

Specific  diagnosis.— Coopma  (p.  69):  Male  5.5  to  9  mm.  long  by  150  to  250/i  wide  at 
the  base  of  the  bunBa,  in  which  region  the  thickness  of  the  body  undergoes  a  consider- 
able and  rather  sudden  increase.  Head  25  to  40/t  in  diameter,  varying  according  to  the 
degree  of  expansion  of  the  cuticle.  Esophagus  320  to  440/i  long  by  18  to  24/i  in  thickness 
anteriorly,  increasing  in  size  after  passing  the  nerve  ring,  w^hich  is  located  slightly 
posterior  of  the  middle  of  the  esophagus,  and  reaching  a  maximum  of  35  to  40 ft  at  the 
posterior  end.  Bursa  (figs.  79,  80)  large  when  spread  out,  about  three  times  as  wide 
as  the  maximum  thickness  of  the  body.  Border  of  the  median  lobe  incised  in  the 
median  line,  also  with  small  incisions  corresponding  to  the  terminations  of  the  poste- 
rior branches  of  the  dorsal  ray.  Dorsal  ray  (d.,  figs.  79,  80)  220  to  400/i  long,  including 
a  long  slender  stem  140  to  250/£  in  length.  The  branches  of  the  dorsal  ray  form  a 
somewhat  horseshoe-shaped  or  U -shaped  arch,  from  each  of  which  a  ventral  branch 
{d.  v.,  figs.  79,  80)  comes  oCf  near  the  middle,  and  each  is  cleft  at  the  end.  Extemo- 
lateral  ray  (e.  Z.,  figs.  79,  80)  very  thick,  somewhat  thicker  than  the  latero- ventral  ray 
(/.  v.,  figs.  79,  80),  which  is  the  thickest  of  the  remaining  rays,  next  in  thickness  being 
the  medio-lateral  ray  (m.  /.,  figs.  79,  80),  then  the  postcro-lateral  (p.  /.,  figs.  79,  80), 
and  yen  tro- ventral  (v.  v.,  figs.  79, 80)  rays,  which  are  of  about  equal  thickness,  and  finally 
the  extemo-dorsal  ray  (e.  rf.,  figs.  79,  80)  which  is  the  slenderest  of  the  paired  rays. 
Spicules  (fig.  81;  sp.,  fig.  79)  240  to  300/i  long,  of  comparatively  simple  structure, 
gradually  reduced  in  thickness  posteriorly,  without  prominent  projecting  edges, 
corrugations,  or  excisions. 

Female  6  to  8  mm.  long  by  120  to  190/i  in  maximum  thickness  in  the  region  of  the 
vulva  where  there  is  a  more  or  less  prominent  belly-like  enlargement.  Head  28  to 
40fi  in  diameter,  varying  according  to  the  degree  of  expansion  of  the  cuticle.  Thick- 
ness of  the  body  45  to  75/c  at  the  base  of  the  esophagus,  35  to  50/i  at  the  anus.  Esoph- 
agus 280  to  415/i  in  length  by  18  to  2\fi  in  diameter  anteriorly,  the  diameter  remaining 
almost  equal  until  the  nerve  ring  is  reached,  after  which  it  increai^es,  reaching  a 
maximum  of  30  to  40/i  at  the  posterior  end.  Nerve  ring  slightly  posterior  of  the 
middle  of  the  esophagus.  Tail  (fig.  82)  slender  i*ith  rounded  tip.  Anus  (aw.,  fig.  82) 
about  160/£  from  the  tip  of  the  tail.  Beginning  somd  distance  in  front  of  the  anus 
the  posterior  end  of  the  body  is  gradually  reduced  in  size  passing  backward,  and  at 
a  distance  of  about  75;t  from  the  tip  of  the  tail  there  is  frequently  a  more  sudden 
decrease,  and  the  posterior  portion  of  the  tail  thus  set  off  is  marked  with  annular 
striations.  The  vulva  is  located  1.6  to  1.9  mm.  from  the  posterior  end  of  the  body. 
Its  shape  was  not  well  defined  in  the  specimens  examined,  but  it  is  apparently 
elongated  transversely.  Combined  length  of  the  muscular  portions  of  the  ovijectors, 
including  the  sphincters,  about  700/i.     Eggs  60  to  80/(  long  by  30;£  wide. 

Hosts. — *Cattle  (Bos  taunis);  *sheep  (Oins  aries);  *mountain  sheep  {Oris  carta' 
densis). 

Location. — Small  intestine. 
.  Localities  collected. — Europe  and  United  States. 

Considerable  variation  has  been  noticed  in  the  specimens  which  I 
have  assigned  to  the  species  Cooperia  oncophora,  and  it  is  possible 
that  a  division  of  the  species  will  be  necessary.  Such  a  division, 
however,  should  be  attempted  only  after  a  careful  comparative  study 
of  a  larger  number  of  specimens  than  have  been  available  in  the  prepa- 
ration of  the  present  paper. 


NEMATODES  PARASITIC   IN   ALIMEKTAHV  TBACT  OF  BUMINANTS. 


vleVFil 


Fro.  So.— n»pn-io  prdlnalB, 
frmale  in  reglmi  d[  viilvs 
ftom  r[ghl  bWk.  f.,  fgg;  or.,  owy; 
orij.  I,  trnnloBl  portion  olDvJ)Ktor: 
ari).  t.  sphlncifr  of  mlief tor:  orij.  J, 
nan  muscular  portion  of  ovijprtor^ 
™i..  vuli-B.    >c  ISO.    (Original.) 


—  Cnopfrla  ptftlnVa, 


DESCKIPTIOM. 


1907:  Cooperia  pectiTiala  Ransom,   1907k,  pp.  3-4 
(from  Boi  tatirut,  United  Statee). 

Specific  duonosis. — Cooperia  (p.  69);  Malt 
about  7  mm.  long  by  130  to  160^  id  maximum  thick-  2^^ 

neea  at  the  base  of  th«  burea.  Head  about  32/i  in 
diameter,  largerif  cuticle  is  expanded.  Diameter 
of  body  at  base  of  esophagus  about  50/i.  Esoph- 
agus 400/1  in  lenf^th,  about  20/i  in  diameter,  in- 
creaaing  in  size  beyond  the  nerve  ring  and  reach- 
ing its  maximum  of  about  35/i  at  the  posterior 
end.  Nerve  ring  230^  from  anterior  end  of  esoph- 
agus. I^tero-ventral  and  eiter no-lateral  rays  of 
the  bursa  much  thicker  than  any  of  the  others. 
Length  of  dorsal  ray  including  its  terminal 
branches  which  are  parallel  to  one  another  and 
uncleft  at  the  end  is  at  least  ISO/i.  Spicules 
{fig.  84)  240  to  280/1  long,  diiital  third  much  more 
slender   than  remainder,  middle  third  with   a 

prominent  curved  ventrally -projecting  edge  corru-  ^ 

gated  on  the  inner  surface. 

FemaU  7 .5  to  9  mm.  long  by  110  to  135/i  in  max- 
imum diameter  in  the  neighborhood  of  the  vulva. 
Head  35  to  50/i  in  diameter,  varj'ing  according  to 
detn'ee  of  expansion  of  the  cuticle.  Diameter  of 
body  at  base  of  esophagus  50  to  60/i,  at  anus 
about  40/1.  Esophagus  360  to  400/i  long,  18  to 
24/1  in  diameter  in  front  of  nerve  ring,  increasing 
to  35  or  40/1  at  the  posterior  end.  Nerve  ring  250 
to  280/1  from  anterior  end  of  esophagus.  Posterior 
end  of  body  (fig.  86)  gradually  attenuated  back- 
ward, beginning  at  the  posterior  loop  of  the  poste- 
rior ovaiy  or  uterus  (u(.,  fig.  86),  terminating  in  a 
slender  sharply  pointed  tail.  Anus  (on.,  fig.  86) 
about  175/1  from  the  tip  of  the  tail.  Vulva  {inl., 
fig.  a'>)  1.6  to  2  mm.  from  the  tip  of  the  tail,  il» 
opening  transversely  elongated,  with  projecting 
vehicular  lipa.  Combined  length  of  muscular 
portions  of  ovijectors  {ovij,  i-i,  fig.  8.1)  including 
the  sphincters  about  300/i.  Musculature  of  ovi- 
jeclora  only  very  slightly  developed  in  the  region 
toward  the  point  of  union  with  the  vagina.  Eggs 
{e..  fig.  ai)  70  to  80/1  long  by  36/i  wide. 

Host.— •Cattle  {Boi  taurus). 

Location. — Fourth  stomach. 

I-ocALrrT  COLLECTED. — Tcxa-", 

Type  spbcimbhs. — Bureau  of  Animal  Industry 
Ilelminthological  Collection  No.  4208,  collected 
in  1900  in  Texas  by  Dr.  ('.  W.  Ktilrs.  i,,,,.  wi.-roo/.rrj«  piriinata.    I'usi.Tinr 


Tills  species   has   been  collected  but 
)nce,    a   few   si)ecimens   beinp    present 
64987°— Bull.  127—11 6 
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among  some  nematodes  taken  from  the  fourth  stomach  of  a  Texas 
cow.  These  nematodes  are  mostly  Hxrruyaclius  corUarius,  but  Tricho- 
strongylus  extenuatuSy  Ostertagia  osteriagi,  and  Oooperia  punctata  are 
also  represented. 

Genus  NEMATODIRUS  Ransom,  1907. 

1907:  Nemalodims  Ranfiom,  1907k,  p.  4. 

Generic  diagnosis. — Metastropgylinee  (p.  47):  Head  not  over  50/t  in  diameter;  cir- 
cumoral  papillae  inconspicuous.  Cuticle  of  head  may  be  slightly  inflated  and  in 
cervical  region  striated  transversely.  Cervical  papillae  apparently  absent.  Bursa 
without  unpaired  dorsal  median  ray.  Dorsal  lobe  of  bursa  reduced  to  two  small 
short  lobules,  each  supported  by  a  dorsal  ray.  Ventro-ventral  and  latero-ventnd 
rays  of  each  lateral  lobe  of  bursa  close  together,  parallel.  Six  supporting  rays  in  each 
lateral  lobe.  Medio-lateral  and  postero-lateral  rays  close  together,  parallel.  Extemo- 
lateral  ray  distally  diverges  widely  from  the  other  lateral  rays.  Spicules  more  than 
0.5  mm.  in  length,  slender,  tubular,  filiform,  united  by  a  membmne  throughout  their 
length,  or  only  in  their  distal  portion.  Gubernaculum  absent.  Vulva  of  female  be- 
hind the  middle  of  the  body.  Ovijectors  well  developed.  Eggs  large,  generally  over 
150/£  long. 

Type-species. — Nematodinis  filicollis  (Rudolphi,  1802)  Ransom,  1907. 

Three  species  which  may  be  assigned  to  the  genus  Nematodinis 
have  been  reported  as  parasites  of  ruminants. 

KEY   TO    KPEriES    OF    NKMATOD1RU8. 

1.  Length  of  spicules  of  male  about  1  mm.;  tail  of  female  blunt;  eggs  more  than  150/c 

long 2 

Length  of  spicules  of  male  about  4.5  mm.;  tail  of  female  pointed;  ^igs  97/£    long 
by  53;£  wide;  male  24  mm*,  long,  female  29  mm.  long. 

Nematodirus  digitatuSt  p.  85 

2.  Eggs  170  to  200/£  long;  male  8  to  15  mm.  long,  female  12  to  20  mm.  long. 

Nonatodirus  filicolliSf  p.  82 
Eggs  about  260;i  long;  male  14  to  19  mm.  long,  female  26  to  29  mm.  long. 

Nematodirus  syathiger^  p.  85 

Nematodinis  filicollis  (Rudolphi,  1802)  Ransom,  1907. 

(Figs.  87-92.) 

1802:  Ascaris  Jilicollis  Rudolphi,  1802a,  pp.  23-25,  pi.  1,  fig.  ],  a,  b,  c  (from  Ovis 

aries,  Germany). 
1803:  Strongiflus  filicollis  (Rudolphi,  1802)  Rudolphi,  1803a,  pp.  17-18. 
1803:  Fusaria  filicollis  (Rudolphi)  Zeder,  1803a,  p.  110  {Ascaris  filicollis  Rudolphi, 

1802,  renamed). 
1907:  Nematodirus  filirollis  (Rudolj)hi)  Ransom,  •1907k,  p.  4. 

Specific  diagnosis. — Nematodirus  (p.  82):  Body  slender,  tapering  gradually  toward 
the  anterior  extremity;  head  (fig.  88)  between  25  and  50/fin  diameter;  cuticle  of  head 
and  neck  may  be  slightly  inflated,  in  latter  region  coarsely  striated  transversely, 
elsewhere  withou  t  transverse  striations.  Four  and  probably  six  inconspicuous  circum- 
oral  papillae.  Mouth  small,  followed  directly  by  the  esophagus,  no  buccal  capsule. 
Esophagus  400  to  500;*  long.  Cervical  papillae  not  apparent.  I^ateral  membranes 
absent. 

Male  8  to  15  mm.  long  by  125  to  175/£  in  maximum  diameter.  Bursa  (figs.  89,  90) 
with  two  large  lateral  lobes.    Dorsal  lobe  short,  deeply  emaiginate,  and  thus  reduced 
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to  two  small  lobules.     Venlral  rays  (i'.  i.,  I.  v.,  i  ,  figs.  89,  90)  aleoder,  cloee  together, 
parallel.     Enteruo-laterHl  tay   (e.  t.,  figs.  89,  90)  at  first  cloee  to  the  medio-lateral 
ray  (m.  ^,  figs.  89,  90),  dbUlly  curves  ventratward  away  from  the  latt«r.     Distally 
the  medioUterel  and  postero-lal«ral  (p.  I.,  figs.  89,  90)  raye  curve  slightly  doraalward. 
Medio-lateral  and  pxwtero-lateral  rays  cloee  together  throughout  their  entire  length, 
the  tip  of  the  latter  extending  slightly  beyond  that  of  the  former.    Tip  of  the  postero- 
lateral ray  about  equidistant  from  the  tip  of  the  eitemo-dorsal  ray  and  the  tip  of  the 
est«nio-1ateral  ray,  the  latter  being  about  the  same  dinlance  from  the  tip  of  the  latero- 
veDtral  ray.     Lateral  rays  thicker  than  the  other  . 
rays.    Extemo-dorsal  ray  (e.  d.,  figs.  89,  90)  vay 
slender.    No  median  dorsal    ray.     Each    dorsal 
lobule  of  the  burea  is  sustained  by  a  ray  {d.,  figs. 
89,  90)  vrhoee  base  is  united  with  the  base  of  the 
externo-dorsal  ray,  some- 
what  thicker  than    the 
latter,    with    bifid    tip. 
Spicules  (ip.,  figs.  89, 90) 
slender,  equal,  about  1 
mm.  long,  united  by  a 
membrane  in  the  paet«- 
rior     two-thirds,    more 
closely  toward    the    tip, 
^        where    the    membrane 
fonnsaspatulat«enIaiKe- 
ment.    Prebuisal  papillte 
small,  inconspicuous. 

Female  12  to  20  mm, 
long  with  a  maximum 
thickness  of  200  to  250/1 
at  the  vulva.  Thickness 
suddenly  reduced  just 
behind  the  vulva.  Tip 
*■  of  tail  (fig.  92)  truncate, 

beariug  a  short  slender 
acutely  pointed  bristle- 
like  process.  Anus  (cm., 
fig.  92)  70  to  80/1  from 
the  truncated  end  of  the 
body.  Vulva  (fuf.,  Sg. 
91)  a  transverse  slit  lo- 
cated about  one-third  the 
length  of  the 'body  from 
the  posterior  end.  Combined  length  of  the  mus- 
cular portions  of  the  two  ovijectors  (orij.  1-2,  fig. 
91)  including  the  ephinrlers  about  400;i.  Eggs 
(e.,  fig.  91)  oval,  175  to  200;i  long  by  about  lOOp 
wide.  Embryos  develop  into  filariform  larvn 
bcforelialching. 

IIoHTS. — "Caltie  {Bos  Iannis);  '.nhc'ep  {Oris  arifs);  "goat  (Capra  hirctu);  'prong- 
horned  antelope  {Antilomiirn  anifTu-nna);  *rrie  doer  {('aprtoliix  mprfoliis);  fallowdeer 
{Damadoma). 

Location.— Small  iiitcsline. 

LocALiTtES  COLLECTED. — United  States,  Eur.)|>e,  New  Zealand,  Aufiralia. 
Thi.s  sppcics  is  of  rather  cominon  o<fuiToii<t'  in  the  United  States, 
but  as  a  rule  is  not  found  in  large  numbers,  and  probably  in  conse- 
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quence  does  not  seriously  affect  tlie.  health  of  animals  which  it  inft-sts. 
An  interesting  point  in  regard  to  its  development  is  that  the  embryo 
develops  into  a  larva  with  the  filariform  type  of  esophagus  before 
hatching,  thus  differing  from  other  strongyles,  such  as  Hsemonchua 
cantoriua,  in  which  the  newly  hatched  embryo  possesses  a  rhabditi- 
form  esophagus  with  posterior  hulb,  not  developing  into  the  larval 
stage  with  filariform  esophagus  until  later. 

Hematodinis  spathiger  (Railliel.  189li)  RaiUiet  and  Henry,  1»0(), 

1886:  Strtm^liu  spaOtiger  Bailliet,  1896in,  p.  490. 

1909:  NemaUxHrua  ipathiger  {RAitiiel)  Baillietand  Henry,  1909a,  p.  67. 

Sfbcific  diaonobib. — NtmatodiTUt  (p.S2y.  Color  reddjiih.  llody  much  &t1«iiuat«d 
anteriorly.  Head  provided  with  an  expanxinn.  Mouth  bordered  by  raembranoua 
Ijpe.    Esophagus  very  long,  claviform. 

Mate  14  lo  19  mm.  long  and  ISO  to  200^  in  maximum  thicknen. 
thickneas  is  atUined  toward  tlie 
posterior  third  of  the  body.  Bursa 
with  lateral  lobee  well  developed; 
poeterior  lobe  eo  deeply  emarginate 
that  it  ia  reduced  to  two  weakly 
developed  lobules.  Each  dorfal 
lobule  Hupported  by  a  dorsal  ray, 
which  is  divided  dislally  into  two 
bnknches,  of  which  the  outer  one  Ib* 
slightly  the  longer  and  curved  out- 
ward. Eiterno-doreai  lay  very 
slender.  The  eptcule«,  united  a1 
their  extremity  by  a  spa  tula  temem- 
branoua  lamella,  measure  1  mm.  in 
length. 

Female  26  lo  29  mm.  long,  grad- 
ually increasing  in  thickneea  until 
the  vulva  is  reached,  in  which 
region  the  body  measure;  as  much  ae  41>0fi.  Immediately  behind  the  vulva  the  body 
ia  reduced  in  size,  then  increased  again  in  the  region  of  the  poeterior  oviduct,  and 
finally  diminiehee  in  size  toward  the  tip  of  the  tail,  which  is  very  blunt.  Vulva  situ- 
ated about  one-iourth  the  length  of  the  body  from  the  posterior  end.  EgRs  very 
lai^,  ovoid-oblong,  with  thin  shells  a  liltle  thickened  at  one  pole;  average  size  260^ 
long  by  103;i  wide;  in  course  of  segmentation  when  deposited. 

Host. — Arabian  camel  (Cametju  dromedariw). 

Location. — Small  intestice. 

LocAUTT  COLLECTED.— P'mnce. 


The  foregoing  diagnosis  is  hascil  on  Uailliet's  {18f>6m)  brief  ilescrip- 
tion. 

Nautodirua  digiUtus  {Linstow,  1906)  Railliet  and  Henry,  1909. 

(FlK.flS.I 

1906:  StTongylua  digilalug  Linstow,  1906,  Spolia  Zeylanica,  Tnlombo,  jil.  ]1,  v.  3, 
Jan.,  pp.  Ifi3.  IBS,  pi.  1,  fig.  10  (from  stomach  of  Bibo»indimx{  =  Hoiiindlmii). 
Ceylon). 

1909:  Netnalodirua  digitatus  (Liaifto-K)  Railliet  and  Henry,  I909ii,  p.  87. 
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Specific  diagnosis. — Nematodirus  (p.  82):  Cuticle  without  longitudinal  lines,  but 
with  very  fine  annulation;  head  attenuate,  mouth  surrounded  by  four  papilla;; 
esophagus  of  male  x^^^,  of  female  ^  the  body  length;  the  nerve  ring  surrounds  the 
esophagus  at  the  limit  of  the  first  and  second  quarters  and  the  excretory  pore  opens 
below  it. 

Male  24  by  0.36  mm.;  spicules  very  long,  4.54  mm.,  coalescent  throughout  their 
entire  length  and  thickened  fusiform  at  the  end;  the  lateral  lobes  of  the  bursa  are  curved 
claw-like  inwardly;  each  lobe  is  supported  by  six  ribs,  of  which  one  lies  at  the  inner 
margin,  two  side  by  side  at  the  outer  margin;  there  is  no  median  lobe;  the  end  of  the 
body  is  rounded  with  a  pair  of  finger-shaped,  slightly  curved  h>'aline  cuticular  lobes. 
(?=lobule8  of  the  reduced  dorsal  median  lobe— B.  H.  R.) 

Female  29  by  0.47  mm.;  genital  orifice  lies  far  back,  dividing  the  body  in  the  ratio 
8:1;  tail  pointed,  yjy  the  body  length;  eggs  97  by  53/«, 

Host. — ^Zebu  {Bos  indicus). 

Location  . — Stomach . 

Locality  collected. — Ceylon. 

The  foregoing  description  is  taken  from  Linstow  (1906,  Spolia 
Zeylanica,  Colombo,  pt.  11,  v.  3,  Jan.,  p.  163).  He  remarks  par- 
ticularly upon  one  difference  between  this  species  and  Nematd- 
dims  JUiooUis,  namely,  the  absence  of  longitudinal  lines  on  the  cuticle 
of  the  former,  and  the  presence  of  18  longitudinal  ridges  in  the 
latter. 

Genus  TRICHOSTRONGYLUS  Loess,  1905. 

1905:  Trichoatrongylua  Looas,  1905o,  pp.  409-422,  pis.  1-2,  figs.  1-14. 

Generic  diagnosis. — Metastrongylinse  (p.  47):  Small  and  elender;  color  reddish. 
Body  gradually  attenuated  forward  from  the  genital  opening.  Uead  only  about  10/i  in 
diameter,  with  three  small  lips  and  nodular  or  punctiform  papillae.  Cuticle  with  annu- 
lar striations  and  without  longitudinal  ridges.  Cervical  papillae  lacking.  Buccal 
cavity  not  well  differentiated.  Esophagus  long,  with  simple  well-developed  dorsal 
gland.  Nerve  ring  and  excretory  pore  about  150 ft  from  the  anterior  end.  Body  of 
the  cervical  glands  behind  the  esophagus,  one  in  front  of  the  othpr.  Bursa  with  lai^e 
lateral  lobes,  without  well-developed  median  lobe.  Six  supporting  rays  in  each 
lateral  lobe.  Ventral  rays  widely  separated,  of  very  different  thickness.  Ventro- 
ventral  ray  thin  and  directed  ventrally;  latere- ventral  ray  thick  and  in  close 
relation  with  the  lateral  rays.  Postero-lateral  ray  thinner  than  the  other  lateral 
rays  and  located  close  to  the  extemo-dorsal  ray.  Dorsal  ray  short,  cleft  at  the 
end.  Spicules  short,  not  twisted,  but  spoon-shaped  or  spatula-shaped.  Anterior 
end  of  spicule  thickened,  with  a  knob-like  or  disk-like  process  toward  one  side. 
Toward  the  posterior  end  of  the  spicule  a  more  or  less  prominent  angular  projection 
is  usually  present,  giving  the  point  of  the  spicule  a  hooked  or  barbed  appearance. 
Gubemaculum  or  accessory  piece  present,  elongated  and  boat-shaped  or  shoe- 
shaped  in  profile.  Prebursal  papillae  small.  Testicle  simple,  uncoiled.  Ovaries 
in  older  individuals  slightly  wavy,  the  anterior  one  disposed  in  one  or  several 
longitudinal  loops.  Ovijectors  well  developed.  Vulva  in  the  posterior  half  of  the 
body,  slit-shaped,  straight  or  crescentic,  surrounded  by  somewhat  protruding  chitiu- 
ous  lips.  Postanal  portion  of  the  body  of  female  relatively  short,  with  a  pair  of  small 
caudal  papillae  near  the  tip.  E^gs  of  moderate  size,  thin  shelled,  colorless,  contain- 
ing a  maximum  number  of  8  to  32  cells  when  deposited.  Parasitic  in  the  duodenum, 
more  rarely  in  the  stomach  of  herbivorous  animals. 

Type  species. — Trichostrongylua  retortaeformis  (Zeder,  1800)  Looss,  1905. 
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Nematodes  of  the  genus  Trichostrongylus  often  occur  in  ruminants 
in  enormous  numbers.  In  autopsies  of  goats  dying  with  symptoms 
of  parasitic  disease  I  have  foiind  the  small  intestine  and  fourth 
stomach  containing  large  f  elt-Uke  masses  of  worms,  composed  mostly 
of  Triclvostrongylus  instabUis  in  the  intestine  and  T.  extenuatus  in  the 
fourth  stomach.  The  latter  species  lias  been  found  associated  with 
gastro-enteritis  in  cattle  in  England  by  McFadyean  (1896b). 

This  genus  is  of  interest  to  human  medicine,  as  three  of  its  species, 
T.  instdbilisy  T.  proboluriLS,  and  T.  vitrinuSj  occur  parasitic  in  man 
as  well  as  in  ruminants.  Although  all  three  occur  in  the  United 
States,  they  have  not  yet  been  reported  as  parasites  of  man  in  this 
country. 

Six  species  of  Trichostrongylus  are  known  to  be  parasitic  in 
ruminants. 

KEY  TO   SPECIES   OP  TRICHOSTRONGYLUS. 

(The  imperfectly  known  JYichostrongyliLS  colubri/ormis  (p.  90)  is  not  included  in 
this  key.) 

1.  Spicules  of  male  unequal  in  size,  right  spicule  85  to  95/£  lofig,  left  spicule  110  to 

I20;c  long;  gubemaculum  50  to  60/x  long;  postero-lateral  ray  of  bursa  as  long 
as  either  of  the  other  two  lateral  rays  and  nearly  as  wide;    male  3.4  to  4.4 

mm.  long,  female  4.6  to  5.5  mm.  long Trichostrongylus  extenuatiis,  p.  94 

Spicules  of  male  equal  in  size,  more  than  125/i  in  length;  postero-lateral  ray  of  bursii 
usually  considerably  shorter  and  narrower  than  the  other  lateral  rays 2 

2.  Spicules  160  to  170/i  long,  sharply  pointed,  without  hook-like  projection;  bursa 

relatively  large;  extemo-lateral  ray  widest  of  the  rays;  male  4  to  4.5  mm.  long, 

female  5  to  6.5  mm.  long Trichostrongylus  mtrinus,  p.  92 

Spicules  less  than  150/i  long 3 

3.  Spicules  with  a  hook-like  projection  on  the  ventral  surface  near  the  tip;  postero- 

-  lateral  ray  of  bursa  much  shorter  than  the  other  lateral  rays 4 

Spicules  without  hook-like  projection,  distal  half  bent  ventral  ward  at  an  angle  of 
about  140  degrees;  spicules  130  to  145;c  long;  la tero- ventral  ray  of  bursa  longest 
and  widest  of  the  rays;  postero-lateral  ray  nearly  as  long  as  the  other  lateral 
rays;  male  4.3  to  4.9  mm.  long,  female  5.8  to  6.8  mm.  long. 

Trichostron^gylus  capricohiy  p.  96 

4.  Spicules  relatively  thick,  126  to  134/£  long,  hook-like  projection  high  and  sharply 

defined,  in  front  of  it  a  second  angular  projection,  giving  the  spicules  a  gnarled 
or  twisted  appearance  under  low  magnification;  latero- ventral  ray  of  bursa  much 
the  thickest  of  the  rays;  postero-lateral  and  external-dorsal  ray  very  short  and 
close  together;  tail  of  female  short  and  rather  blunt;  male  4.5  to  5.5  mm.  long, 

female  4.5  to  6  mm.  long TrichostrongyltLS  proholvrus,  p.  90 

Spicules  relatively  slender,  135  to  145;i  long,  hook-like  projection  sharply  defined 
but  not  high;  extemo-lateral  ray  usually  thicker  than  any  of  the  others,  rarely 
of  about  the  same  thickness  as  the  latero- ventral  ray;  tail  of  female  rather  slen- 
der, sharply  pointed;  male  4  to  5.5  mm.  long,  female  5  to  6  mm.  long. 

Trichostrongylus  instahilis,  p.  88 
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Trichostrong]rlusmsUbilis(Railliet,  IS9:i)  L<x)»<i«,  1f)06. 

(Figs.  9*-97.) 

1892:  Strongyhis  eolubri/ormis  Giles,  1892c,  p.  34  (possibly  identical  with  T.  xjuta- 

bilis). 
1893:  Strongylus  instabilis  Railliet,  1893a,  p.  442,  fig.  301. 
1895:  StrongyliLS  subtilis  Looss,  1895b,  pp.  161-169,  pi.  1,  figs.  1-8. 
1898:  Strongylus  retortaeformis  Zeder  of  Railliet,  1898b,  p.  174  (in  part). 
1905:  Trichostrongylus  subtilis  Looes,  1905o,  pp.  417,  418-419,  pi.  1,  figs.  4-8. 
1905:  Trichostrongylus  instabilis  (Railliet,  1893),  Looss,  1905o,  p.  422. 

Specific  DIAGNOSIS. — Trichostrongylus  (p.  86):  Male  4  to  5.5  mm.  long  and  about 
80^  thick  in  front  of  bursa.  The  extemo-lateral  ray  (e.  /.,  &g.  95)  is  usually  thicker 
(lateral  view)  than  any  of  the  others,  rarely  of  about  the  same  thickness  as  the  latero- 
ventral  ray  (I.  r.,  fig.  95).  Postero-lateral  ray  {p.  L,  fig.  95)  noticeably  smaller  than 
the  other  lateral  rays  and  closer  to  the  externo-dorsal  ray  (e.  d.,  fig.  95)  than  to  the 
other  lateral  rays;  its  end  is  often  bent  toward  that  of  the  externo-dorsal  ray,  so  that 
the  distance  between  the  postero-lateral  and  externo-dorsal  papillse  is  less  than  that 
between  the  latter  and  the  dorsal  ray.  Dorsal  ray  (</.,  fig.  95)  split  near  the  end,  each 
branch  ending  in  a  double  point.  Spicules  (fig.  96)  135  to  145/t  long.  Gubemaculum 
about  70/£  long,  of  bright  yellowish-brown  color,  and  relatively  slender.  Terminal 
hook  of  the  spicules  long  and  sharply  defined,  but  not  high. 

Female  5  to  6  mm.  long,  80/c  wide  at  the  level  of  the  genital  opening  (1.05  to  1 .2  mm. 
from  tip  of  tail).  Body  becomes  but  slightly  thinner  toward  the  anus  (an.,  fig.  97), 
behind  which  it  narrows  rather  suddenly  to  form  a  slender  and  very  sharp  tail.  The 
latter  is  often  bent  a  little  dorsal  ward.  Distance  between  anus  and  tip  of  tail  55  to 
70/£.  Vulva  elongated  longitudinally,  relatively  short,  50  to  55/£  long,  including  its 
lips.  Combined  length  of  muscular  portions  of  ovijectors,  including  the  sphincters, 
400  to  500/1.    Eggs  73  to  76/i,  rarely  80/x,  long,  and  40  to  43;t  wide. 

Hosts. — ^•Sheep  (Ovis  curies);  Dorcas  gazelle  (Gazella  dorcas)]  *  Arabian  camel  (Came- 
lus  dromedarius);  *Bactrian  camel  (Camelus  bactrianus);  Arabian  baboon  (Papio 
hamadryas);  man  (Homo  sapiens);  *goat  (Capra  hircus);  *prong-horned  antelope 
(Antilocapra  americana);  *roe  deer  (Capreolus  capreolus);  *bharal  (Ovis  nahura). 

Location. — Duodenum,  more  rarely  stomach  (fourth  stomach  of  ruminants). 

Localities  collected. — North  Africa,  Europe,  Japan,  United  States,  ?  India. 

This  species  is  so  closely  similar  to  Strongylus  colubriformis  Giles, 
1892,  that  it  is  very  probable  that  the  two  are  identical.  Looss 
(1905o),  however,  considers  that  since  there  are  certain  discrepancies 
between  Giles's  (1892d,  pp.  45-47,  49,  figs.  1-9)  description  and 
figures  on  the  one  hand,  and  Trichostrongylus  instabilis  on  the  other, 
a  further  study  of  Strongyljis  colubriformis  will  be  necessary  to  settle 
the  question  as  to  whether  the  two  forms  are  identical  or  not.  In 
view  of  the  fact,  therefore,  that  Giles's  description  and  figures  of 
Strongylus  colubriformis  in  certain  important  respects  do  not  corre- 
spond to  Trichostrongylus  instabilis^  which  may  or  may  not  be  due 
to  inaccuracies  on  the  part  of  Giles,  the  name  Trichostrongylus 
instabilis  may  be  retained  until  more  certain  evidence  as  to  the 
identity  of  the  two  forms  can  be  procured. 


DEWCBIF-TIOK. 


Fia.  K.—  TrichoMtnmfitiu  In 


bUI1>.    Posterior  CDd  of  bod; 


Uniiwlorsiil  ra.v;  <.  [..cctenia-latcral  ray;  pub.,guber- 
culiim;  I.  v..  laUro-ventral  ny;  m.  I.,  medlo^alpral 
ri  p.L,p05tora-LB(eralrKj;  «7>,,  port  Jon  otapLciilc;  ti.  p., 
X  about  300.    (After  l.oosa,  leoso, 


Fia.  S7.—Tridiotlnitigf!ai  I  it 
Isrlor  end  of  body  of  leu 
from  right  side,    an.,  an 
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Trichostrong^liis  colubrifonnis  (Gile^,  1892)  Ransom.  1911. 

1892:  Strongylus  cohibri/ormis  Giles,  1892c.  p.  34;  1892d,  pp.  45-47,  49,  figs.  1-9  (in 

small  intestine,  Oris  aries,  India). 
1911:  Tridiostrongylus  colubriformis  (Giles)  Ransom,  1911,  pp.  14,  87,  90,  122  (the 
present  paper). 

Specific  diagnosis. —  Tnchosirongylu*  (p.  86):  Male  nearly  6  mm.  in  lengfth,  130/f 
in  thickness.  Female  about  8  mm.  in  leng:th  and  of  about  the  same  thickness  as 
the  male.  Body  dark  colored,  the  female  usually  straight,  the  male  more  usually 
contorted.  Both  sexes  have  the  head  extremely  attenuated  and  become  progressively 
thicker  as  the  caudal  extremity  is  approached;  but  while  in  the  male  the  thickest  part 
is  quite  at  the  caudal  extremity,  the  female  is  thickest  opposite  the  vulva,  which  is 
placed  one-fifth  of  the  entire  body's  length  from  the  mucronate  extremity  of  the  tail. 
Mouth  entire;  quite  unarmed.  The  female  is  provided  with  a  pair  of  semielliptic  ake, 
situated  opposite  the  neck  which  is  markedly  constricted,  giving  her  the  outline  of  a 
cobra. 

Bursa  of  male  deeply  bilobed,  the  dorsal  cleft  being  almost  as  deep  as  the  ventral, 
so  that  the  organ  looks  like  a  mussel  shell,  placed  transversely,  and  attached  to  the 
worm  at  the  hinge.  Ventral  costa  small,  the  lateral  and  ventro-lateral  costse  stout, 
Bubequal  and  forming  a  closely  packed  group;  dorsal  and  dorso-lateral  co8t«B  small. 

Ova  (intra-uterine)  elliptical,  90;i  long  by  46;*  wide.  A  more  advanced  ovum,  ap- 
parently mature,  measured  110;i.  Vulva  opens  into  the  middle  of  a  sort  of  cylindrical 
sac  [ovijectors]  which  extends  for  a  short  distance  forward  and  backward  from  the 
vaginal  opening.  The  connection  between  the  vagina  and  the  uterine  canals  is 
effected  by  means  of  a  thick  chitinous,  valvular  apparatus,  which  closely  resembles 
the  esophageal  bulb  of  certain  nematodes,  and,  on  high-power  examination,  is  seen 
to  be  of  a  most  complicated  structure,  the  chitinous  lining  of  the  vagina  projecting  up 
into  the  end  of  the  lax  uterine  canal  and  having  a  deeply  sinuate  maigin.  Surround- 
ing this  structure  is  a  very  thick  muscular  ring,  which  gives  the  bulb-like  outline  to 
the  whole  apparatus. 

Host. — Sheep  {Ovis  aries). 

Location. — Small  intestine. 

Locality  collected. — India. 

The  foregoing  description  is  taken  almost  verbatim  from  Giles 
(1892d).  TAchostrongylus  colubriformis  is  very  similar  to  if  not 
identical  with  T,  instabilis  as  already  noted  in  the  discussion  of  the 
latter  species.  The  spicules  of  the  former,  as  shown  in  Giles's  figure  6, 
are  exactly  similar  to  those  of  T.  instabilis y  and,  judging  from  the  size 
of  the  figure  and  the  scale  of  magnification,  they  have  also  the  same 
length  as  the  spicules  of  the  latter  species.  Giles's  drawing  of  the 
posterior  end  of  the  female  also  shows  a  great  similarity  to  T.  in- 
stabilis. The  other  drawings  are  less  striking  in  their  resemblance 
tp  T.  iv^stabUis,  and  some  of  them  would  not  apply  at  all  to  this  species 
unless  it  is  assumed  that  they  were  inaccurately  drawn. 

Trichostrongylus  probolurus  (Railliet,  1896)  Looss,  1905. 

(Figs.  98-101) 

1896:  Strongylus  probolurus  Railliet,  1896o,  p.  542. 

1905:  Trichostrongylus  probolurus  (Railliet)  Looss,  1905o,  pp.  414,  417,  419-421,  422, 
pi.  2,  figs.  9-11. 


DESCRIPTION. 


Specific  diaonobib. — Ttirhotlnmgylug  (p.  86):  Male  4.5  to  5.5  mm.  Inng  and  about 
80/1  wide  St  the  boglDniiif;  of  the  burea.  The  la(«ro-ventni]  ray  (/.  v.,  fig.  99)  is  by 
far  the  widpiit  »f  the  rayn  {Iut4?ral  view).    The  extemo-latcrel  ray  (e.  L,  fig.  99)  wider 


yia.  K.— Tricluutnntfl'"  proAsluru.  Poitfrlor  end  ol 
hotly  orin»J»vl»w«llnini  leftside  iI.,ctorsol  ny.f.d., 
exlcmiMlDraat  ray:  '. '..  til*mi>-tal*nil  ray;  fut.,  por- 
tion or  giibematulum;  I.  r.,  iBlero-veaDal  ay;  a,  I., 
mHllo-latrra]  ray;  p.  I.,posteto-laleral  rsy;  ip.,  portloa 
of  (pfcul*:  p.  B.,  ventro-Tentrel  ray.  X  about  3n0. 
( Alttr  Looss,  1909a,  pi.  2,  Ilg.  e.) 


Pra,  M.—  TridiiHlmiitflBi  prnbolana.  Usle 
at  rlithi,  I«male  at  Itll,  •Vulva.  >;  is. 
(Orlgtoal.) 


Fio.  ICO.— rrfciortnmwJi 
nu.  dpiculTA  u 

male.    Vemral  view  al  Iftt,  InWral  ^  „    ,  ,  ,  ,        _.  ^     . 

vWalrtgbt.   Xabouiaoo.   (After  '^'^^'"■7,^'*fT^"  '^'I,"";.  , 

Loo«,  19^,  pi.  2,  flg.  in.)  boay  Of  f^ale.  vlew..l  ftom  rljht  M^.an^^^;M.. 

Intestine;  ou.,  ovary;  W.,  litems.    X  about  aoo.  (After 
LaoB,  IBMo,  pi.  2,  !!)■.  til 

than  the  mediolateral  ray  (m.  I.,  fii;.  99).  The  postein- lateral  (p.  L,  fig.  99)  and 
extemo-doreal  (e.  d.,  fij;.  99)  rays  are  remarkably  short  and  cluAe  lof^ciher.  The  end 
of  the  fanner  JB  tumedhacfcBofardorsally  that  the  poet^rn-latpral  papilla  on  theinnar 


92        NEMATODES  PARASITIC   IN   ALIMENTARY  TRACT  OF  RUMINANTS, 

side  of  the  bursa  is  directly  opposite  to  or  even  somewhat  dorsal  of  the  externo-dorsal 
papilla  upon  the  outer  side  of  the  bursa.  Stem  of  the  dorsal  ray  (</.,  fig.  99)  very 
short,  divided  as  in  T.  instabilis.  Spicules  (fig.  100)  126  to  IMp,  long  and  relatively 
thick.  Gubemaculum  75  to  80/i  long,  usually  of  a  brilliant  deep-brown  color.  Ter- 
minal hook  of  the  spicule  very  high  and  sharply  defined.  In  front  of  it  on  the 
ventral  edge  of  the  spicule  is  a  second  angular  pointed  projection,  which  together 
with  the  terminal  hook  when  observed  under  low  magnification,  gives  the  spicule  a 
gnarled  or  twisted  appearance. 

Female  4.5  to  6  mm.  long  and  about  80/£  wide  at  the  level  of  the  vulva  (1.08  to  1.25 
mm.  from  the  tail  according  to  age).  Posterior  portion  of  the  body  (fig.  101)  rather 
plump,  becomes  narrower  beginning  a  very  short  distance  in  front  of  the  anus,  and 
rapidly  diminishes  in  thickness,  thus  forming  a  short  rather  blunt  tail,  which  com- 
monly is  turned  diagonally  upwards,  or  may  be  straight,  or  bent  ventrally.  Distance 
between  tip  of  tail  and  anus  (an.,  fig.  101)  40  to  50/t.  Vulva  including  its  chitinous 
border  76fi  long,  elongated  longitudinally,  straight  or  slightly  curved.  Combined 
length  of  muscular  portions  of  ovijectors  including  the  sphincters  about  375;{.  Eggs 
76  to  80/i  long  by  43  to  46/i  wide. 

Hosts. — Sheep  (Oris  aries);  Dort^as  gazelle  (Gazella  dorcas);  man  {Homo  tapiens); 
Arabian  camel  {Cam^lus  drornedarius);  *Bactrian  camel  (Cam^lus  bactrianus). 

Location. — Duodenum. 

LocALrriES  collected. — North  Africa,  Europe,  United  States. 

This  species  has  been  found  but  once  in  the  United  States,  having 
been  collected  from  a  camel  which  died  at  the  National  Zoological 
Park,  Washington,  D.  C. 

Trichostron^lus  vitrinus  I.kx)88,  1905. 

(Figs.  102-105.) 

1905:  Tjichostrongylus  intrinus  Looee,  1905o,  p.  421,  pi.  2,  figs.  12-14. 

Specific  diagnosis. —  Trichostrongylus  (p.  86):  Male  usually  between  4  and  5.5 
mm.  long^  and  about  85/£  wide  in  front  of  bursa.  Bursa  (fig.  103)  noticeably  larger 
than  in  the  other  species  of  Trichostrongylus  discussed  in  the  present  paper,  the  lat- 
eral lobes  at  their  base  being  140  to  180;i  broad  in  the  dorso- ventral  direction. 
Rays  relatively  more  slender  and  straighter  than  in  other  species.  The  extemo- 
lateral  ray  (e.  /.,  fig.  103)  is  the  widest.  Ventro- ventral  (r.  i'.,  fig.  103)  and  postero- 
lateral {p.  L,  fig.  103)  rays  of  equal  width,  straight  and  reaching  nearly  to  the  edge 
of  the  bursa.  Extemo-dorsal  ray  {e.  d.,  fig.  103)  short,  its  terminal  papilla  about 
halfway  between  the  papilla  of  the  poi^tero- lateral  ray  and  the  middle  of  the  dorsal 
ray.  Unpaired  portion  of  the  latter  (</.,  fig.  103)  relatively  long,  each  of  its  branches 
usually  ending  in  a  simple  point.  Spicules  (fig.  104)  160  to  170/£  long  and  gubemac- 
ulum 85  to  95/1  long,  both  of  bright  yellowish-brown  color.  The  spicules  end  in  a 
very  sharp  point,  without  definite  hook-like  projection. 

Female  usually  between  5  and  6.5  mm.  long,  84  to  92/jt  wide  at  the  level  of  the  genital 
opening  (1.15  to  1.25  mm.  from  the  tip  of  the  tail).  Cuticle  in  the  neighborhood  of  the 
vulva  with  irregular  thickenings,  absent  or  only  slightly  marked  in  young  individuals, 
but  always  present  in  old  ones.  Vulva  short,  more  or  less  crescentic,  and  usually 
placed  diagonally  to  the  axis  of  the  body  and  raised  a  little  above  the  level  of  the 
surface.  Posterior  end  of  the  body  (fig.  105)  is  noticeably  narrowed  behind  the  level 
of  the  loop  of  the  posterior  ovary  (or.,  fig.  105),  and  then  remains  nearly  cylindrical 
until  the  anus  is  reached,  behind  which  it  is  reduced  rapidly  and  symmetrically,  so 
that  the  anus  (an.,  fig.  105)  projects  in  a  well  marked  angle.  Tail  (behind  anus) 
usually  bowed  dorsal  ward.  Combined  length  of  muscular  portions  of  ovijectors 
including  the  sphincters  about  450/z.    Eggs  84  to  90/i  long  by  46  to  50;i  wide. 
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1— TMcJtMtTDivjFlttJ  rilrlnitt.  PoslerkK  cpd  of  bodroT 
viswfd  train  1  Fit  slJe.  d,  dorsal  rayit,  d.,eilOTno-doreai 
(.(..externo-lnUTBlras';  tvb.,  portloQ  o(  pibeniBciiliim: 
luterv-vcatraltay;  m.I..ni«dla-lslFrHl  njr:  p.  I.,  postcro- 
il  ray:  ip.,  pinion  of  Bplnile;  c  c,  vrntro-vmtral  r»y. 
0111300.    (AItetLoo>a,lm5a,p1.2,ag.l:!.) 


Fia.  102.— Trlcfcu<roiiCT'<"  rMriuu*. 
UBl«BtkU,t«niBleatri|ht.  'Vulva. 
XIS.    (Original.) 


(Allrr  Loufls,  liKiJo.  111. 
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Hosts. — ^* Sheep  (Ovib  aries);  Arabian  camel  (Canuliu  dramedariiu);  man  (Ilomo 
mpiens);  *goat  {Capra  kiraa). 
Location. — Duodenum,  and  in  ruminants  occasionally  in  the  fourth  stomach. 
LocALRixs  COLLECTED. — ^Euiope,  AMca,  and  United  States. 

This  species  has  been  found  several  times  in  small  numbers  in 
sheep  and  goats  in  the  eastern  United  States,  associated  with  other 
species  of  Trichostrongyhis. 

Trichostnm^lus  eztenuatus  (Bailliet,  1898)  Ransom,  1907. 

(Figs.  106-in.) 

1896:  Strongylus  gracilis  McFadyean,    1896b,  pp.  319-320,  pi.    4,  figs.    6-8.    (Not 

StrongyluM  gracilis  F.  S.  Leuckart,  1842.) 
1898:  Strongylus  extentuUus  Railliet,  1898c,  p.  254.    (S.  gracilis  McFadyean  1896, 

renamed.) 
1901:  Strongylus  retortxformis  Zeder  of  Stfidter,  1901a,  pp.  69,  75,  76,  77,  78,  79,  80,  81, 

82,  84,  85,  92,  95,  96,  pi.  11,  figs.  6-8,  pi.  12,  figs.  1-12  (in  part). 
1907:  Trichostrongylus  extenuatus  (Railliet,  1898)  Ransom,  1907k,  p.  2.     . 

Specific  diaonosis.—  Trichostrongylus  (p.  86):  Male  3.4  to  4.4  mm.  long  by  50  to60;c 
thick  in  front  of  bursa.  The  ventro- ventral  ray  of  the  bursa  (r.  r.,  figs.  107,  108)  is 
very  slender.  The  latero- ventral  (I.  r.,  figs.  107,  108),  extemo-lateral  («.  /.,  figs.  107, 
108)  and  medio-lateral  {m.  /.,  figs.  107,  108)  rays  are  of  about  equal  thickness  and  the 
poetero-lateral  ray  (p.  /.,  figs.  107, 108)  slightly  narrower.  The  latter  is  relatively  much 
wider  than  in  any  of  the  other  species  of  this  genus  occurring  in  ruminants,  and  also 
longer,  extending  nearly  to  the  edge  of  the  bursa.  The  extemo-dorsal  ray  {e.  d.,  figs. 
107, 108)  is  narrower  and  much  shorter  than  the  poetero-lateral  ray .  Tips  of  the  medio- 
lateral  and  poetero-lateral  rays  closer  together  than  thoee  of  any  of  the  others.  Dorsal 
ray  (</.,  figs.  107, 108)  relatively  long  i.nd  slender,  divided  at  the  tip  into  two  branches, 
each  of  which  is  also  divided  into  two.  Spicules  (figs.  109,  110)  yellowish-brown. 
An  angular  projection  on  the  ventral  surface  of  each  spicule  about  65/t  from  the  ante- 
rior end.  Beyond  this  projection  the  right  spicule  terminates  in  a  short  point,  the 
left  spicule  in  a  long  slender  point,  usually  somewhat  crooked.  The  two  spicules  are 
thus  dissimilar,  the  right  spicule  measuring  85  to  95/c  in  length,  the  left  spicule  110 
to  120/c.  A  slender,  tapering,  pointed,  longitudinal  process  is  given  off  from  the 
inner  side  of  each  spicule  near  the  middle.  The  gubemaculum  (giU).,  figs.  109,  110) 
is  similar  in  color  to  the  spicules  and  measures  50  to  60/t  in  length.  It  usually  lies 
dorsal  of  the  right  spicule  in  such  a  way  as  to  give  the  latter  the  appearance  on  casual 
observation  of  terminating  in  a  slender  point  like  the  left  spicule. 

Female  4.6  to  5.5  mm.  in  length  by  55  to  70;i  in  maximum  thickness  in  the  region 
of  the  vulva,  which  is  located  0.8  to  1  mm.  from  the  tip  of  the  tail.  Vulva  50  to  60/1 
long,  elongated  longitudinally,  with  highly  refractive  chitinous  lips.  Posterior  end 
of  body  (fig.  Ill)  tapers  gradually  behind  the  loop  of  the  posterior  ovary  (or.,  fig.  Ill) 
and  more  rapidly  behind  the  anus  (an.^  fig.  Ill)  which  is  located  60  to  90pL  from  the 
tip  of  the  tail.  The  tail  is  usually  straight.  Combined  length  of  muscular  portions 
of  ovijectors  230  to  300;i.    The  eggs  measure  70  to  80/x  in  length  by  35  to  45;£  in  width. 

Hosts. — ^•Cattle  (Bos  taunts);  *8heep  {Ovis  aries);  *goat  (Capra  hircus);  *bharal 
(Ovis  nahiara);  *Mexican  mountain  sheep  (Ovis  mexicana);  *prong-homed  antelope 
(Antilocapra  americana);  *mule  deer  (Odocoileus  hemionus);  *roe  deer  (Capreolus 
capreolus);  *Newfoundland  caribou  (Rangi/er  temenora). 

Location. — Fourth  stomach,  more  rarely  anterior  end  of  nmall  intestine. 

Localities  collected. — United  State8,  Australia,  and  Europe. 
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Pig.  IX.  —  TrldioUrtfiifflut  tj- 

fenualM.    Hale  at  light,  Ce- 

male  at  lett.    •Vulva,    x  15. 
(Original.) 


Fio.  Urj.—  TriduMmnff'ol 
DonaJ  viev.  d.,  doisal  lay;  « 
Mmivlateral  ray;  1.  r.,  latero-i 
ray;  p.  I.,  poslero-laleral  my; 
(Original.) ' 


Buisa  of  male  spread  out. 

rsy:  m.   I..  TnedJo-lateral 
enlro-vMitral  ray,    x  300. 


Flo.  IM.— TrkliattraB- 


7m.  108.— TWkMnmnlM  einrmatat. 
Buna  ol  mak.  vrsvsd  Irom  right  aide. 
d.,  dorsal  ray;  r.  •!..  enterno-doraal  ay, 
I,  I.,  eit«TH>-lBteral  ray:  J.  i>„  lalero- 
venlralny;  m.  (.,  medio-lat«nlray;  p.  J., 
postero-bteral  ray;  c.  v.,  vontro-veolral 
lay.    XSOD.    (Oiigliial.) 


300.    (Original.) 


ul«3  and  gubamacu- 
lum  of  mBle,  vlawed 
from  right  side,  glib., 
gubenuculuini  I.  tp., 
tip  or  left  aplculs;  r. 
tp.,  right  splculo.  X 
300.    (OrlgLul.) 
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This  is  a  common  and  widely  distributed  parasite  of  ruminaDts  in 
the  United  States.  It  is  considered  by  some  authors  to  be  a  cause 
of  gastro-enteritis  in  calves. 

TrlchoAtatm^lus  ctpricoU  Ranaoni,  1907. 

(Flgi.  112-117.) 

1907:   TrichottrOTiffyliu  capricola  Ransom,   190Tk,  p.  'i  (from   Capra  hirca*  and  Orit 
arits.  United  SUtes). 
Specific  diagnosis.— rncAfMh-onffylu*  (p.  86):   Male  1.3  to  4.9  mm.  long  by  80  to 
100/1  in  maximum  thicknesa  a  short  distance  in  front  of  the  bursa.    The  )at«ro- ventral 
ray  (I.  v.,  figa.  113,  114)  is  the  longest  and  thickeflt  of  the  rays.     Next  in  order  of 
thicknees  is  tlie  exl«mo-lateral  {e.  I.,  figs.  113,114),  then  the 
medio-Iateral  (m.  t.,  figa.  113,  114),  then  the  poetero-lateral 
ray  {p.  l,  6gs.  113,  114).     The  ventro- ventral  (r.  r.,  figs.  113, 
114)  and  exiemo-doraal  (e.  d.,  figs.  113,  114)  lays  are  the  slen- 
derest, the    latter    however   being    considerahly    thickened 
proximalty  and  in  that  region  equal  in  thickness  to  the  poe- 
lero-lateral  or  even  the  medio- lateral  tay.     The  branches  o( 
the  dorsal  ray  (rf.,  figs,  113,  114)  are  nearly  equal  in  lenglh 
to   ihe  Hiem,  and  are  cleft  at  the   end.     The  three  lateral 
rayx   are  nearly   equal   in   lei^th,   shorter   than    the   latero- 
ventral,  and  longer  than  the  extemo-dotsal  ray.     The  tips  of 
the  lateral  rays  are  separated  by  about  equal  intervals,  these 
intervals  being  lees  than  that  between  the  tips  of  the  poctero- 
lateral  and   extemoslorsal  rays,  Ihe   latter   interval   in   turn 
being  \ete  than  that  between  the  (i[is  of  the  la tero- ventral  and 
extemo-lateral  rays.    Spicules  (figs.  115,116)  130  to  145/<  long, 
gubemaculum  (gub.,  figs.  115,  llti)  75  to  SOp  long,  alt  three 
«  yellowish-brown  in  color.    The  distal  half  or  two-fifths  of  the 

spicule  is  about  half  as  thick  as  the  proximal  portion  and 
forms  an  angle  of  about  140  degrees  with  the  latter,  the  con- 
vexity of  the  spicule  being  dorsal.  The  point  of  the  spicule, 
lesH  acute  than  in  Trichoitrongylut  ntrintu,  is  as  in  the  latt«r 
without  the  angular  projection  present  in  T.  instabilit. 
Fio   111   -TtiOutii  Female  5.8   to  6.8  mm,   long  by   75   to  80;i  in   maximum 

Jul  rnrmiana.  Poswr-  diameter  in  the  region  of  the  vulva,  which  is  located  l.t  lo 
lor  end  o[  body  at  te-  1.4  mm.  from  the  tip  of  the  tail.  Vulva  a  longitudinally 
iriBle,  viewed  Irom  lelt  elongated  slit,  slightly  diagonal  in  position.  It  is  covered 
side.  on.,aDU3,iiu.,lQ.  ^^^^  ^^  ^^^  ^j  ^j^^  jj^^  whose  edge  is  reflected  and  fused 
300.    (Orlgliial.)  with  the  cuticle  of   the  body,  except  at  one  side,  where  a 

smalt  circular  opening  is  left.  The  chilin  of  the  lips  is  deli- 
cate and  usually  iucouspicuous.  I^engtb  of  vulva,  includbg  lips,  45  to  50^.  Thte 
thickness  of  the  body  gradually  decreases  posteriorly  to  a  size  of  45  to  65;i  at  the  level 
of  the  loop  of  the  posterior  ovary  (located  140  to  230(i  from  the  lip  of  the  tail)  and 
then  undergoes  a  more  rapid  decrease  to  a  size  of  25  to  32^  at  the  anus  (on.,  fig.  117), 
which  is  Bituate<l,  60  lo  SO/i  from  the  tip  of  the  tail.  The  ventral  outline  of  the  tail 
is  slightly  concave  immediaiely  behind  the  anus,  then  nearly  straight  to  the  tip;  the 
dorsal  outline  usually  describes  a  slightly  convex  curve  from  the  ana!  region  to  the 
tip.  Combined  length  of  musi-ular  portions  of  o\ij('clorH,  including  ihe  sphincters, 
;t2<l  to  380/1.    The  <^gs  measure  75  to  95;i  in  length  by  35  lo  45/(  in  width. 
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PlO.  112.—  Tridu)ttr(mgylu»  caprkola. 
liale  at  right,  female  at  left.  *  Vulva. 
X15.  (Orlgliial.) 


Fio.  114.— Trichostnmffylw  caprkola.  Bursa  of  male, 
viewed  from  right  side,  d,,  dorsal  ray;  e,  d.,  extemo- 
dorsal  ray;  e.  L,  extemo-lateral  ray;  L  v.,  latero-ventral 
ray;  m.  I.,  medlo-lateral  ray;  p.  {.,  postero-lateral  ray; 
V.  p.,  ventro-ventral  ray.    X  300.    (Original.) 


Fio.  113.~  TriehoHrongyltu  eapricola.  Bursa  of  male  spread  out  d.,  dorsal  ray; 
e.  d.,  externo-dorsal  ray;  e.  I.,  extemo-lateral  ray;  I.  v.,  latero-ventral  ray;  m.  I., 
medlo-lateral  ray;  p.  I.,  postero-lateral  ray;  v.  v.,  ventro-ventral  ray.  X  300. 
(Original.) 

64987^— Bull.  127—11 7 
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Hosts. — "Goat  {Capra  kiraa);  •sheep  (Ovwotm*);  "prong-homed  antelope  (^nlt- 
loeapm  amerieana). 
LocATioN.^Small  inteetiae  and  fourth  stomach. 
LocALiTiBS  CO LLBCTBD.— United  SUteB  and  Europe. 

Ttpb  speciuens. — Bureau  of  Auimal  Industry  llelmintholi^cal  Collection  No. 
14637,  collected  February  5,  1906,  from  the  fourth  stomach  ot  a  goat,  at  Bethesda, 
Md.,  by  Dr.  E.  C.  Stevenson. 

This  species  has  been  frequently  collected  in  this  countrj'  from 

goats  and  sheep,  more  often  from  the  former.     Its  presence  in  Europe 

ia  established  by  specimens  in  the  collection  of  the  Bureau  of  Animal 

Industry  collected  in  France  from  a  goat  by  Prof.  A.  Railliet. 

Species  of  Metastbonoylin.*:  of  Uxcertain  Position, 

Sltongflus  ventricosus  Rudolpbi,  1S09, 

(Fig.  IIB.1 

1809:  Slrongylut  ventricomit   Rudolphi,    1809a,   pp.   222-223   (from   Ctnm*  elaphvi, 
Europe). 
Specific  diagnosis. — Melastrongylime  (p,  47)  ?  Genue:  Head  attenuate,  with  two 
email  wings.     Mouth  terminal  with  unarmed  border.     Body  capillary,  in  male  increafl- 


Fio.  US.— 7Vk*M(roii|Hrfiij  tapH- 


—  Trichoatrort^lut  tap- 


Bplculo  aim   guberna.       Fio.  117.- rrielo.(r(m«JUi 

.    Spicules  and  guWnscu-         ^^lum  ol  malB.    Lal«ral  vle>v.  ^p„^_    p^^^„  ^  ^, 

of   male.    Vemral    view.         ^_    gubsraaculum.     X    3O0.  body  odenmle  vien-ed  Irora 

tub.,   Eiiherosouluin.    x  3O0.  lOrlKlnal.)  i-tf  .i.t.     ««    '.n.»- i«i    in 

(Original.)  iHtlne    oc    o^^'  X  3I»" 

lOrlglaal.) 

ing  in  size  backward,  in  female  increasing  in  size  forward  and  becoming  very  thick 
and  ventricose  at  about  the  b^inning  of  the  third  part,  then  again  becoming  slender. 

Male  12  to  30  mm.  long  by  0.1  to  0.5  mm.  thick.  Tafl  wiih  terminal  copulatory 
bursa  deeply  incised  ventrally.  Bursa  with  five  raya  on  each  side,  of  which  the 
anterior  one  is  bifid,  Spiculee  two,  with  short,  thick  recurved  shanks,  slightly  twisted, 
canaliculate. 

Female  16  to  30  mm.  long  by  0.2  to  0,5  mm.  thick.  Tail  long,  acutely  conical, 
with  rather  obtuse  apex.    Anus  remote  from  tip  of  tAil.    Vulva  in  posterior  part  of 

Host.— St^  {Cervu*  daphne). 
Location. — Uppier  small  intestine. 
IiOCALTTY  COLLECTED, — Greifswald,  Germany. 


DESCRIPTION. 


99 


The  foregoing  description  of  this  species  is  taken  from  Molin 
(1861a,  p.  515),  who  examined  3  males  and  4  females  not  well  pre- 
served, apparently  specimens  upon  which  Rudolphi  based  his  descrip- 
tion. Strongylus  ventricosus  certainly  does  not  belong  in  the  genus 
Strongylus,  Its  proper  generic  position  can  not  be  determined  at 
present. 

The  form  from  cattle  which  Schneider  (1866a,  pp.  144,  145)  de- 
scribes as  Strongylus  ventricosus  Rudolphi  is  distinct  from  that 
described  by  Molin.     The  former  is  Cooperia  oncophora  (Railliet). 

Strongylus  fordii  Daniels,  1908. 

1908:  Strongylus  fordii  Daniels,  1908,  Studies  Inst.  M.  Research  Fed.  Malay  States, 
Singapore,  v.  3,  pp.  15-16  (from  Bos  tavruSy  East  Indies). 
Specific  diagnosis. — ^Metastrongylinse  (p.  47),  ?  Genus:  Anterior  part  of  body  for 

some  1  to  1.5  mm.  is  contracted  and  the  cuticle  some- 
what thinner  than  elsewhere.  Cervical  papillae  not  evi- 
dent. 

Male  19  mm.  long,  0.44  mm.  broad,  terminates  in  a 
bilobed  caudal  pouch,  strengthened  by  ribs.  The  spic- 
ules, which  are  protruded  between  the  lobes  for  a  vari- 
able length,  are  continued  in  the  interior,  are  distinctly 
tubular,  and  terminate  in  a  trumpet-shaped  expansion. 
They  are  equal,  and  the  total  length  is  6.2  mm.,  or  more 
than  one-fourth  the  length  of  the  body. 

Female  21  mm.  in  length,  greatest  breadth  0.5  mm. 
The  mouth  is  terminal  and  the  cuticle  surrounding  it  is 
thickened  y  so  as  to  form  a  circle  of  small  rounded  projec- 
tions.   The  esophagus,  1.9  mm.  in  length,  is  thick,  mus- 
cular, and  ends  in  a  slight  dilation  before  the  marked 
junction  with  the  intestine.     Anus  close  to  the  sharp- 
pointed  tail.    Ovarian  tubes  double,  not  twisted  round 
the  intestine  as  in  Harmonchus  contoriusj  and  end  in  a  long 
thin- walled  vagina,  in. which  a  single  row  of  eggs  is  con- 
tained.   The  genital  opening  is  marked  by  no  protecting  fold  and  is  situated  0.5  to  0.6 
mm.  from  the  tip  of  the  tail. 
Host. — Cattle  (Bos  taurus). 
Location. — Stomach  or  intestine. 
Locality  collected. — East  Indies. 

The  description  given  by  Daniels,  on  which  the  foregoing  diagnosis 
is  based,  is  too  imperfect  to  properly  place  this  species  generically. 
It  evidently,  however,  does  not  belong  in  the  genus  Strongylus. 

Family  FILARIID^  Claus,  1885. 

Family  diagnosis. — Nematoda:  Body  long,  filiform.  Mouth  surrounded  with 
papillae,  or  provided  with  two  lips.  Esophagus  slender,  without  posterior  bulb. 
Males  with  a  single  spicule  or  with  two  unequal  spicules.  Females  with  two  ovaries; 
vulva  usually  in  front  of  the  middle  of  the  body.  Usually  ovo- viviparous.  Develop- 
ment in  many  cases  requires  an  intermediate  host. 

Type  QESva,~Filaria  Muller,  1787. 

Two  genera  of  this  family  are  represented  among  the  nematodes 
parasitic  in  the  alimentary  tract  of  ruminants. 


Fig.  lis.— Strongylus  ventrkonu. 
Posterior  end  of  body  of  male, 
showing  barsa  spread  out,  and 
spicules.  Enlarged.  (After 
Molin  1861a,  pi.  28,  fig.  8.) 
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KEY  TO   GENERA   OF  nLARIID^. 

Anterior  portion  of  body  covered  with  numerous  cuticular  tubercles  or  shields;  vulva 
of  female  in  posterior  portion  of  body,  a  short  distance  in  front  of  anus;  male  30 
to  50  mm.  long,  female  70  to  145  mm.  long Gongylonema^  p.  100 

Anterior  portion  of  body  without  cuticular  tubercles;  vulva  of  female  in  anterior 
portion  of  body;  male  9  to  13  mm.  long,  female  12  to  26  mm.  long. 

Spiropteraf  p.  103 

Genus  GONGYLONEMA  Molin,  1857. 

1857:  Gongylonema  Molin,  1857a,  pp.  148-152,  216-223. 

1892:  Myzomimus  Stiles,  1892b,  pp.  65-67  (type  species,  M.  scutatus  (Mueller,  1869) 
Stiles,  1892). 

Generic  diagnosis. — Filariidse  (p.  99):  Body  filiform,  slightly  attenuated  toward 
the  two  extremities.  Cuticle  transversely  striated.  Mouth  small,  elongated  dorso- 
ventrally,  surrounded  by  six  small  papillie.  Anterior  portion  of  body  covered  with 
numerous  tubercles  or  shields  formed  by  differentiation  of  the  cuticle.  .  Jn  the  median 
lines  immediately  behind  the  mouth,  two  semilunar  depressions  simulating  suckers,  one 
dorsal  and  one  ventral.  A  short  distance  behind  the  mouth  two  cervical  papillse,  one 
in  each  lateral  hne.  Esophagus  consists  of  two  distinct  portions,  a  slender  anterior 
portion,  and  a  thicker  posterior  portion.  Tail  of  male  curved  ventrally,  supplied  with 
two  asymmetrical  membranous  wings,  supported  by  elongated,  claviform  papillse, 
mostly  arranged  in  pairs,  some  preanal  and  some  postanal.  Two  unequal  spicules, 
one  short,  one  very  long.  Vulva  of  female  situated  a  short  distance  in  front  of  anus. 
Eggs  ellipsoidal,  containing  vermiform  embryos  when  deposited. 

Type  species. — Gongylonema  minimum  Molin,  1857. 

Two  species  of  this  genus  are  found  in  the  ahmentary  tract  of 
ruminants. 

key  to  species  of  gongylonema. 

A  membranous  wing  along  the  dorsal  median  line  in  the  anterior  portion  of  the  body; 
cuticular  tubercles  lacking  on  ventral  surface  of  female;  tail  of  female  suddenly 
diminished  in  size  behind  the  anus;  male  35  to  40  mm.  long,  female  70  to  90  mm. 
long Gongylonema  vemicosum^  p.  102 

Dorsal  median  line  without  longitudinal  membranous  wing;  cuticular  tubercles  present 
on  ventral  surface  of  female;  tail  of  female  gradually  diminished  in  size 
behind  the  anus;  male  30  to  50  mm.  long,  female  80  to  145  mm.  long. 

Gongylonema  scutatum^  p.  100 

Gongylonema  scutatum  (Mueller,  1869)  Railliet,*1892. 

(Figs.  119-122.) 

1869:  Spiroptera  scutata  F.  Mueller,  1869a,  pp.  127-129. 

1873:  Filaria  scutata  Leuckart,  1873b,  p.  557. 

1892:  MyzomimuB  scutatus  (Mueller)  Stiles,  1892b,  pp.  65-67,  1  fig. 

1892:  Gongylonema  scutatum  (Mueller)  Railliet,  1892e,  pp.  694-696. 

Specific  diagnosis. — Gongylonema  (p.  100):  Cuticular  tubercles  present  in  the 
anterior  1  to  3  mm.  of  the  body,  rounded  or  oval,  arranged  more  or  less  regularly  in 
two  rows  in  each  of  the  four  submedian  fields  (fig.  119).  On  the  ventral  surface  sur- 
rc'unding  the  excretory  pore,  some  of  the  tubercles  of  the  four  ventral  rows  are  com- 
monly fused  into  a  single  plate.  Along  each  lateral  line,  behind  the  cervical  papillse, 
a  membranous  wing  which  terminates  at  about  the  posterior  limits  of  the  cuticular 
tubercles.    Mouth  oblong,  with  two  lateral  and  four  smaller  submedian  papillse. 
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Male  30  to  50  mm.  long  by  about  250fi  thick.     Tail  (figx.  121,  122)  slightly  twialed  on 

its  azif,  as  a.  result  of  the  arrangement  of  the  aeymmetrical  buiKal  wings.    The  right 

wii^  ii  nearly  parallel  to  the  median  plane  of  the  body,  widest  at  a  poiDt  a  little  behind 

the  level  of  the  anu^i,  terminating  Hligbily  in  front  of  the  tip  of  the  tail  toward  ilsdomJ 

surface.     A  aupplementary  wing  begins  on  the  right  side  on  the  dorsal  surface  near  the 

tip  of  the  tail,  and  pawiee  around  the  latter.     The  left  wing  follows  a  slightly  Iwisled 

course,  beginning  on  the  dorsal  surface  and  extends  1o  the  tip  of  the  tail  which  it 

surrounds.     The  left  wing  is  shorter  than  the  right  and  ila  maximum  width  is  \ese. 

Oik  its  inner  sui&ce  in  ils  posterior  portion  there  are  frequently  found  supplementary 

lobes  with  undulating  borders.     Each  wing  is  supported  by  5  or  6 

preanal  papilla:  and  5  to  7  postanal  papillte,  usually  asymmetrical 

in  arrangement.      I^eft  spicule   16  lo  IT  mm.  long;  right  spicule 

140  to  ISOfi  long. 

FrmaU  80  to  145  mm.  longbySOO  to350fi  thicL.    Vulva  4  to  5 


Fra.  120.— OhwI- 


Poalflrlor    end    of  viewed  obliquely 

body  ot  male.  Iramlenstde.    X 

Ventral  view,    x  «B.    (Attar  Neu- 

65.    (Alter  Neu-  nuuin,  1S94d,, Sg. 


«wlntM(ii«!n^      ""n'-  f™™  *^«  l-'P  "f  '■'"S  •*"-    E^55to60/ilongby32t«3fi/iwide. 
t«r1or  end  ol  body.      Embryosprovided  withabuccalstylet. 

Doraal  view,    X  *S.         HOSTS.— •€» tile  (Bot  laurw);    •sheep  (Out*  ariea);  goat  (Copra 
i^'fli^iT'"'''     *"'™*';  ^^*'"  (JSoaindicuj), 

''         '  Location. — In  burrows  in  the  lining  mucoi^a  ot  the  I'sopbagus 

and  pharynx,  occasionally  free  in  tbe  lumen  of  the  paunch. 
LocALrnES  collected. — Europe,  United  Stales,  India,  North  Africa,  Australia. 

This  is  a  very  common  species  in  this  country  and  is  seen  in  a  large 
percentage  of  cattle  and  sheep  slaughtered  at  abattoirs.  It  has  been 
frequently  observed  in  Europe  and  Africa,  and  probably  is  distributed 
throughout  moat  of  the  world.  It  has  been  reported  from  a  horse  by 
MUller  (1869a).  Goiigylonema  scutatum  has  no  apparent  effect  on  the 
health  of  animals  which  it  infests.  Its  only  economic  importance  so 
far  as  recognized  is  in  rendering  the  esophagus  undesirable  for  use  in 
meat  food  products. 
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Qongjrloaenu  vertucoaum  (Oilci<.  1892)  Nei 


IFIKS,  123-IM.) 

1892:   Triehoiomum  ttrrncoium  Giles,  1892<i,  pp.  47-48. 

1892:  Spiroptera  verruaaa  Gilw,  1892<1,  Addendum  (not  Spiropwm  I'CTTUcoto  Molin, 

1860), 
1894 :  Gongytonema  verrumtum  (Giles)  Neumann,  1894d,  pp,  470-472,  6g-  4. 
1898:  Gongylojiemn  rrenatum  Railliet,  1898b,  p.  173  (G.  lemtamim  renamed). 

Specific  DiAON08i8.—G£>Tiyyionemfl(p,  100):  Cuticular  tubercles,  large,  rather  widely 
separated,  etriated  transversely,  lacking  on  the  ventral  surface  in  the  feniale,  forming 
two  or  three  irregular  longitudinal  rows  3  mm.  long  on  each  side  of  the  median  line 
on  the  dorsal  fiurface  (fig.  123).  In  the  anterior  portion  of  the  body  a  narrow  [esUxned 
membranous  wing  along  each  lateral  line,  and  a  deeply  and  regularly  festooned  wing 

along  the   dorsal  median  line.     Cervical   papillte    small. 

Mouth  surrounded  by  nix  papillie. 

ifafc  35  to  40  mm.  longby  250  to  300;c  thick.     Five  or  six 

pairs  of  preanal  and  five  pairs  of  postanal  papilla  (fig.  124). 

R^ht  bursal  wing  shortt^r  and  much  narrower  than  the  left. 


iKKly  of  tenalB.    tiewed 

t«mlelliiid«.XBO.(Aller 

bodj-  of  male,  viewed 

NBumann,      ISHd.     flg. 

LiquBly.    X  65.    (AlWr 

4^.) 

terminating  posteriorly  some  distance   from  the  tip  of  the 

FiQ.  izs.^Owwiowma  <«r-  'a'',  '^here  it  is  replaced  by  a  supplementary  wing,  doi^l 
racomm.  Anterior  end  o/  in  origin.  I*ft  bursal  wing  wide  and  prolonged  to  the  tip 
ixxJj-.  Dorsal  vie*.  XS7.  „f  the  tail.  I-eft  spicule  ftbout  10  mm.  long;  right  spicule 
(After  Neamann,    1894d,      ^^^^^  ^^^^  ^^^^ 

Female  70  to  90  mm.  long  by  420  to  460;i  in  thicknees. 
Vulval. 2mm. Io3.2mm.fromlhetipoflhetail.  Behind  the  anua  the  tail  (fig.  125) 
is  abruptly  diminished  in  thickness,  formings  terminal  appendage  0.2  mm.  long,  pro- 
vided with  a  median  ventral  papilla.    EggH  45  to  50;i  long  by  25  to  2~p  wide. 

Hosts.— Zebu  {Boiindiru^);  sheep  (OvisarUs). 

Location.— Stomach,  free  in  the  lumen  or  in  galleries  which  the  parasite  burrows 
in  the  mucosa. 

Locality  collected.— India. 


This  species  lias  not  yet  been  reported  from  the  United  States.     The 
foregoing  diagnosis  is  based  on  Neumann's  (1894d)  description. 
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Owras  SPIROPTERA  Rudolphi,  1819. 

ISll:  Axvaria  Brems^r,  ISlla,  p.  26  (type  epecim,  Spiroptera  anthurU,  eBUblished  by 

Rudolphil8I9a,  p.  244). 
1819:  Spiroptera  Rudolph),  1819a,  pp.  22-29,  235-255  (Acwria  renamed). 
1819:  AnChurU  Rudolphi,  I819»,  p.  244  (Aeuaria  renamed). 
1845:  DUpharagia  Dujardin,  1845a,  pp.  42,  69-83  (type  epecies,  Spiroptera  anthuria). 


Flo.   136.— Spfropltni 
teriot  view.    X  S80. 

pL  II,  nt.  IS.) 


ir  Dnaebe,  iSStt, 


ho.    IX.-SpirBplm,    VtTTOi 

«o.    Posurlor 

body    of  mule.    Vsntral 

y(Bw,     X   120. 

DtSMbe.  IgSte,  pi.  13.  Bg.  1 
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Spiroptera  (or  more  properly  Aeuaria)  is  commonly  included  in  the 
family  Filariidie.  Aa  it  is  probable  that  Spiroptera  verrucosa  (the 
only  species  of  the  genus  to  be  considered  in  the  present  paper) 
does  not  belong  in  the  genus  Spiroptera,  and  as  the  characters  of  the 
genus  are  very  imperfectly  known,  I  have  not  attempted  to  formu- 
late a  generic  diagnosis. 
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The  name  Spiroptera  is  an  absolute  sjmonym  of  the  earlier  Acuaria, 
but  I  have  retained  the  former  name  in  the  present  paper  in  order  to 
avoid  adding  to  the  synonymy  of  Spiroptera  verrucosa. 

KEY  TO   SPECIES  OP  SPIROPTERA. 

One  species  in  niminantB Spiroptera  verrucosaf  p.  104 

Spiroptera  verrucosa  Molin,  1860. 

(Figs.  120-129.) 

I860:  Spiroptera  verrucoM  Molin,  1860b,  pp.  964-965  (from  Cerviu  nambi  [=Mazama 

nana]  and  Cenma  dichotomus  [^Blaatocenis  paludo9Us]f  Brazil). 
1897:  Filaria  venrucosa  (Molin,  1860)  Stossich,  1897b,  M>-  ^3-64  {S.  verrucosa  Molin, 
renamed). 

Specific  diagnosis. — Spiroptera  (p.  103):  Anterior  end  of  body  scarcely  attenuated 
with  rotund  apex.  Head  (figs.  126-128)  distinct  from  rest  of  body,  provided  with  two 
large  lateral  lips,  each  of  which  is  subdivided  into  three  parte  by  two  deep  furrows. 
The  lips  meet  in  a  straight  dorso- ventral  median  line.  Four  large  conical  submedian 
papillae  at  the  base  of  the  lips.  Cuticle  of  body  densely  striated  transversely.  Two 
longitudinal  lateral  wings. 

Male  9  to  13  mm.  long  by  0.3  mm.  thick.  Tail  (fig.  129)  obtusely  pointed,  curled 
spirally  in  one  or  two  turns,  with  conspicuous  lateral  wings.  Four  pairs  of  large 
preanal  papillae  and  two  pairs  of  postanal  papillae.  A  semilunar  thickening  of  the 
cuticle  in  front  of  the  anus.  Right  spicule  thick,  curved,  blunt,  about  375;i  long;  left 
spicule  filiform,  acutely  pointed,  alate,  and  about  five  times  as  long  as  the  right. 

Female  12  to  26  mm.  long  by  0.4  to  0.6  mm.  thick.  Tail  curved,  with  obtuse  apex. 
Anus  not  far  from  the  tip  of  the  tail.    Vulva  in  anterior  portion  of  body. 

Hosts. — Pygmy  brocket  ( Mazama  nana);  marsh  deer  {Blastocerus  paludosus). 

Location  . — Stomach . 

Locality  collected. — Brazil. 

The  foregoing  diagnosis  is  based  upon  the  original  description  by 
Molin  (1860b)  and  the  description  and  figures  given  by  Drasche 
(1884a,  p.  203,  pi.  11,  figs.  18-20,  pi.  13,  fig.  1),  who  reexamined 
Molin's  specimens. 

Family  ANGIOSTOMID^  Braun,  1895. 

Family  diagnosis. — Nematoda:  Two  hetcrogenetic  generations,  one  of  free-living 
males  and  females  and  one  of  hermaphroditic  or  parthenogenotic  forms,  which  are 
parasitic. 

Type  genus. — Angiostoma  Dujardin,  1845. 

KEY  TO   GENERA   OF  ANOIOSTOMID^.. 

One  genus  in  ruminants StrongyloideSy  p.  104 

Genus  STRONGYLOIDES  Grass!,  1879. 

1879:  Slrtmgyloldes  Grassi,  18791,  p.  497. 
1879:  Strongilaides  Grassi,  1879e,  p.  233. 
1881:  Pseudo-rhabditis  Perroncito,  1881w,  pp.  499-519. 

Generic  diagnosis. — Angiostomidse  (p.  104):  Parasitic  form  with  mouth  opening 
directly  into  the  relatively  very  long  subcylindrical  esophagus.  Mouth  surrounded  by 
(?8ix)  small  papillae.  Cuticle  finely  striated  transversely.  Vulva  posterior  of  the  middle 
of  the  body.    Uterus  double.     Two  ovaries.    Eggs  ellipsoidal  with  thin  shells.    Free- 


n 
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living  form  with  mouth  opening  into  a  vestibule  or  pharynx,  followed  by  an  esophagus 
whose  anterior  portion  is  fusiform  and  posterior  portion  globular.  The  posterior  bulb 
of  the  esophagus  of  the  free-living  form  is  furnished  with  a  toothed  masticatory  appa- 
ratus.   Free-living  male  with  two  short  spicules  of  equal  size. 

Type  species. — Strongyloides  intestinalis  (Bavay,  1877)  Grassi,  1879=5.  stercordlis 
(Bavay,  1876). 

Two  species  of  this  genus  are  found  in  ruminants. 

KEY  TO  SPECIES  OP  8TRONGYLOIDES. 

Anus  55  to  70/<  from  the  tip  of  the  tail;  eggs  deposited  singly,  not  inclosed  in  sacs. 

Strongylaides  papillosuSy  p.  105 

Anus  45  to  50/£  from  the  tip  of  the  tail;  eggs  after  passing  out  of  the  vulva  lodge  beneath 
an  outer  cuticular  layer,  which  when  shed  by  the  worm  forms  egg-sacs,  each 
containing  from  half  a  dozen  to  50  or  more  eggs.  .Strongyloides  ovodnciui^  p.  108 

Strongyloides  papillosus  (Wedl,  1856),  Ransom,  1911. 

(Figs.  130-133.) 

1856:  Trichosoma  pajyillosum  Wedl,  1856b,  pp.  129-130,  figs.  13-14. 
1887:  Rhabdonema  longus  Grassi  and  Segr^,  1887a,  p.  107. 
1888:  Strongyloides  long^is  (Grassi  and  Segr^)  Rovelli,  1888. 

1911:  Strongyloides  papUlosus  (Wedl)  Ransom,  1911,  pp.  15,  105-108,  109,  110,  121, 
122,  figs.  130-133  (the  present  paper). 

Specific  diagnosis. — Strongyloides  (p.  104):  Parasitic  generation.  Length  3.5  to  6 
mm. ,  thickness  50  to  60^.  Body  (fig.  130)  filiform,  of  nearly  equal  thickness  throughout 
most  of  its  length,  gradually  attenuated  anteriorly  to  a  diameter  of  about  Ibp.  at  the  head. 
Posterior  end  of  body  (fig.  132)  diminished  in  size  backward  beginning  some  distance  in 
front  of  the  anus  near  the  loop  of  the  posterior  ovary  (ov.,  fig.  132),  then  suddenly 
reduced  just  behind  the  anus,  and  terminating  in  a  short  slightly  tapering  tail  with 
rounded  tip.  Esophagus  increases  gradually  in  size  posteriorly,  and  is  650  to  800^  long. 
Diameter  of  body  at  base  of  esophagus  40  to  45/i.  Anus  {an.^  fig.  132)  55  to  70/ifrom 
the  tip  of  the  tail .  Diameter  of  body  at  anus  about  20/i.  Vulva  (vul. ,  fig.  131)  a  trans- 
verse slit  with  rather  salient  lips  situated  1.6  to  2  mm.  from  the  posterior  end  of  the 
body.  Eggs  (c,  fig.  131)  ellipsoidal  with  very  thin  shells,  40  by  20/i  to  60  by  25/i  in 
diameter.  Not  more  than  a  dozen  or  fifteen  fully  formed  eggs  present  in  the  two 
uteri  at  any  one  time.  Eggs  of  this  species  when  passed  in  the  feces  of  the  host  usually 
contain  vermiform  embryos  which  hatch  in  a  few  hours  under  suitable  conditions  of 
temperature. 

Free-living  generation.  Male  undescribed.  Female  (fig.  133)  1  to  1.2  mm.  long  by 
40 fx  in  thickness.  Esophagus  A  to  f  the  total  length  of  the  body.  Vulva  (ru?.,  fig. 
133)  with  salient  lips  near  the  middle  of  the  body.  Tail  slender,  acutely  pointed. 
Anus  {an.  J  fig.  133)  about  ^  the  length  of  the  body  from  the  posterior  end.  Eggs  (e., 
fig.  133)  65  by  30/£  in  diameter. 

Hosts. — *Sheep  (Ovis  aries);  *goat  {Capra  hircus)\  *rabbit  {Lepus  cuniculus);  also 
reported  from  other  rodents. 

Location. — Small  intestine. 

LocAUTiES  collected. — EuTope,  United  States,  ?  South  America. 

Wedl  (1856b)  found  in  the  intestine  of  a  sheep  rather  numerous 
specimens  of  hair-like  worms  which  he  described  under  the  name  of 
Trichosoma  papillosum.  He  remarks  that  only  females  were  present. 
His  description  translated  is  as  follows : 

Length  5  mm.  Anterior  portion  of  body  attenuated,  head  16;£  broad.  In  posterior 
portion  of  body  the  breadth  increases  to  55/i.    Tail  terminating  in  a  bluntly  pointed 
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X15.    (OriglMl.) 
Ic  adull  In  region  o!  tuIts,  vlswed  tram 
rinmsMe.    t,.ogg;  inf.,  intestine;  ou.pO-ary;  ul.,iil«nis;  puJ.,  vulva.    X300.    (Original.) 

Fio.  l32.—Slrini3flBida  papUlimu.    I'wterioi  end  of  body  ol  parasitic  Bdiill,  viewsd  from  rightiid*. 
an.,  U1U9;  inl.,  imestlne:  oi..  ovary,    x  3110.    (Original.) 

no.  l33.—Slnmgploiilri  papUlotM.    Female  ol  free-living  geiKisIlan,  vMiced  trom  left  side.    aB.,  urns: 
b.,  posterior  bulb  of  nuphaeus;   (.,  egg  in  ulenu;  t».,  esopbagui;  iiu.,  inlestlm;  mi.,  vulva.     X    100. 
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conical  tip.  Head  supplied  with  4  w€»ll  marked  papillic.  Esophagus  very  long,  pre- 
senting a  well  marked  line  which  indicates  its  lumen.  The  relatively  large  vulva  is 
situated  at  the  beginning  of  the  posterior  third  of  the  body,  its  position  indicated  by  a 
slightly  projecting  papilla.  Uterus  bicomate,  not  infrequently  evaginated  through 
the  vulva.  Eggs  arranged  in  uterus  in  a  single  row,  or  may  be  shoved  together  so  that 
one  lies  over  another.  Eggs  ellipsoidal,  thin-shelled,  48  to  52/t  long  by  28/i  broad. 
Ovaries  much  twisted,  wound  spirally  around  the  intestine. 

Curtice  (1890c)  was  of  the  opinion  that  Trwhosorna  papillosum 
should  be  united  with  Strangylus  JUicoUis  (=  Nematodirus  filicoUis) , 
remarking  that  WedPs  species  was  certainly  not  a  trichosome  since  it 
possesses  a  double  uterus.  Railliet  (1893a,  p.  489)  notes  that  the  dif- 
ference in  the  size  of  the  eggs  precludes  the  possibiUty  of  Trichosoma 
papillosum  and  Strongylus  filicoUis  being  the*same,  and  he  considers 
WedFs  species  to  be  a  strongyle. 

Wedl's  description  and  figures  correspond  perfectly,  however,  with 
Stronffyloides  longus  (Grassi  and  Segrfe)  and  there  can  be  Uttle  doubt 
that  Trichosoma  papillosum  and  Strongyloides  longus  are  one  and  the 
same  species,  which  under  the  rules  of  nomenclature  takes  the  name 
Strongyloides  papiUosus. 

Strongyloides  papillosum  is  an  interesting  example  of  a  nematode  in 
whose  life-cycle  there  may  be  two  generations  of  dissimilar  individuals, 
one  generation  parasitic  and  the  other  free-hving.  The  parasitic 
generation  consists  entirely  of  parthenogenetic  females,  from  whose 
eggs  hatch  embryos  which  may  either  develop  into  free-living  males 
and  females  or  transform  into  filariform  larvae.  As  pointed  out  in  a 
former  paper  (Ransom,  1907k)  the  latter  develop  into  the  partheno- 
genetic parasitic  forms  if  taken  into  the  body  of  a  suitable  host,  infec- 
tion occurring  either  by  way  of  the  mouth  or  through  the  skin,  which 
the  larvae  may  penetrate  and  finally  reach  the  intestine,  presumably 
following  a  course  similar  to  that  taken  by  larval  hook-worms  when 
they  enter  the  body  through  the  skin,  that  is,  by  way  of  the  blood  ves- 
sels, heart,  lungs,  trachea,  pharynx,  esophagus,  and  stomach. 

In  the  event  of  the  development  of  embryos  produced  by  the  par- 
thenogenetic forms  into  free-Uving  adults  it  has  been  found,  as  in 
the  case  of  Strongyloides  stercoralis,  that  from  these  come  embryos 
which  transform  into  filariform  larvae  resembling  those  which  develop 
directly  from  the  parasitic  generation.  The  hfe-cycle  may  therefore 
include  in  the  following  order,  first,  parthenogenetic  parasitic  forms; 
"second,  free-Uving  rhabditiform  embryos  (newly  hatched  embryos 
whose  esophagus  is  swollen  posteriorly  into  a  bulb  containing  a  masti- 
catory apparatus);  and,  third,  free-living  filariform  larvae  (with 
esophagus  similar  to  the  parasitic  adult) ;  or,  first,  parthenogenetic 
parasitic  forms;  second,  free-living  rhabditiform  embryos;  third,  free- 
living  males  and  females,  from  which  come  free-living  rhabditiform 
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embryos  and  these  in  turn  transform  into  free-living  filariform  larvae, 
the  filariform  larvae  in  both  cases  developing  into  the  parasitic  par- 
thenogenetic  adults  when  taken  into  the  body  of  a  suitable  host. 

Strongyhides  papHlosus  may  occur  in  sheep  in  enormous  numbers, 
but  it  is  questionable  whether  it  hds  any  serious  effects  upon  the 
health  of  infested  animals.  On  superficial  examination  this  parasite 
is  hkely  to  be  confused  with  the  females  of  a  species  already  considered, 
Trichostrangylus  exUnuatus.  It  has  been  commonly  met  with  in  sheep 
and  goats  at  the  Bureau  of  Animal  Industry  Experiment  Station, 
Bethesda,  Md.,  and  has  been  reared  experimentally  (Ransom,  1907k) 
in  rabbits  by  feeding  larvae  and  by  placing  larvae  on  the  skin.  It 
has  been  recorded  by  different  observers  as  a  parasite  of  sheep  and 
rabbits  in  Europe.  The  parasite  of  the  pig  which  has  been  identified 
as  Strongylcndes  longus  (=S.  papiUosus)  by  European  observers  is 
probably  Strongyloides  mis.  This  species  has  been  found  a  number 
of  times  in  pigs  at  the  Bureau  of  Animal  Industry  Experiment  Station, 
Bethesda,  Md. 

Stron^loidea  ovocinctus  RanBom,  1911. 

(Figs.  134-137.) 

1911:  Str(mgyloide9  ovocinctus,  Ransom  1911,  pp.  15,  18,  23,  105,  108-110,  112,  122, 

figs.  134-137  (the  present  paper). 

Specific  diagnosis. — Strongyloides  (p.  104):  Parasitic  generation.  Length  4.5  to  5 
mm.,  thickness  40  to  50/f .  Body  (fig.  134)  filiform  of  nearly  equal  thickness  through- 
out its  length,  gradually  attenuated  anteriorly  to  a  diameter  of  about  15.u  at  the  head. 
Posterior  end  of  body  diminished  in  size  backward,  b^inning  some  distance  in  front 
of  the  anus  near  the  loop  of  the  posterior  ovary,  then  suddenly  reduced  just  behind 
the  anus,  and  terminating  in  a  short,  slightly  tapering  tail  with  rounded  tip  (fig.  136). 
Esophagus  increases  in  size  posteriorly,  600  to  750/i  long.  Diameter  of  body  at  base 
of  esophagus  40  to  45/i.  Anus  {an.y  fig.  136)  45  to  50/1  from  the  tip  of  the  tail.  Diam- 
eter of  body  at  anus  about  20/i.  Vulva  {mil.y  fig.  135)  a  transverse  slit  with  rather 
salient  lips,  situated  1.6  to  2  mm.  from  the  tip  of  the  tail.  Eggs  («.,  figs.  135, 136) 
ellipsoidal  with  very  thin  shells,  45  by  30;£  to  50  by  25/f  in  diameter.  Not  over  25 
ful'y  formed  eggs  in  the  two  uteri  at  any  one  time.  Adult  worms  apparently  undergo 
successive  molts.  The  eggs  passing  out  of  the  vulva  lodge  beneath  an  outer  cuticular 
layer  (cut.,  figs.  135, 136),  which  when  finally  shed  by  the  worm  is  transformed  into 
elongated  egg  sacs  (fig.  137),  each  containing  from  half  a  dozen  to  50  or  more  eggs. 

Free-living  generation.    Unknown. 

Host. — *Prong-homed  antelope  (AntiloeapraoTnericana). 

Location. — Intestine. 

LocAJiiTY  COLLECTED. — United  States. 

Type  specimens. — Bureau  of  Animal  Industry  Helminthological  Collection  No. 
1947,  collected  August  13,  1892,  at  Washington,  D.  C,  by  Dr.  Albert  Hassall. 

Were  it  not  for  the  remarkable  manner  in  which  Strongyhides 
ovodnctus  deposits  its  eggs  this  species  could  be  scarcely  distin- 
guished from  Strongyloides  papiUosus.  Both  species  are  of  practi- 
cally the  same  size;  the  general  form  of  the  body  is  the  same  in  both; 
the  esophagus  is  of  similar  shape  and  size;  the  vulva  is  located  in  the 
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same  r^on  of  the  body ;  and  tlie  tail  has  the  same  shape  in  both 
species.  In  S.  papiUosua  the  taU  is  generally  somewhat  longer  than 
has  been  noted  in  S.  ovociTictus,  55  to  70^  as  compared  with  45  to  50/1. 
The  eggs  also  appear  to  average  lai^r,  40  to  60/i  in  length  in  the  for- 
mer, as  compared  with  45  to  50/t  in  the  latter.  Another  difference  is 
in  the  maximum  number  of  fully  formed  eggs  which  may  be  present 


Fia.  l36.—SlraiinMda  Dcodnotu. 
Posterior  »Qd  ol  body  ot  para- 
sitic odiill,  viewed  Iroin  Irttslde. 

ati.,  anus;  cut.,  ouWr  cuticulir 

layer:  f.,  tffS  lodged  beiustb 
the  outer  loosened  cuticle:  fnl., 
Intestloe.    X  300.    (OrlglDal.) 

in  the  uteri,  not  more  than  15  having  been  observed  in  S.  papiUosus, 
whereas  in  iS,  ovocinctus  as  many  as  '25  have  been  counted.  These 
differences,  however,  are  of  minor  importance  in  view  of  the  possi- 
bihty  that  an  examination  of  a  large  number  of  specimens  of  both 
species  would  demonstrate  the  occurrence  of  individual  variations 
with  a  range  wide  enough  to  obliterate  the  apparent  differences  just 
enumerated.     Hence  the  only  important  differences  thus  far  recog- 
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nized  in  the  two  species  is  in  the  method  of  oviposition,  and  even  here 
the  possibiUty  is  not  excluded  that  this  is  only  an  apparent  and  not 
a  real  difference,  and  that  it  is  simply  due  to  an  imperfect  knowledge 
of  8.  papiUosus,  However,  I  have  examined  a  considerable  number 
of  specimens  of  8.  papiUosus  without  finding  any  evidence  of  the  oc- 
currence of  the  pecuUar  method  of  oviposition  characteristic  of  8. 
ovocinctuSj  and  it  therefore  seems  advisable  for  the  present  to  recog- 
nize two  distinct  species. 

It  should  be  noted  as  of  interest  in  the  present  connection  that 
Brumpt  (1910,  Precis  de  parasitologie,  p.  431,  fig.  270)  has  mentioned 
the  occurrence  of  strings  of  8trongyloide8  eggs  in  the  feces  of  sheep. 
He  interprets  the  sheath  surrounding  the  string  of  eggs  as  the  body 
of  a  dead  worm  or  its  uterus.  Evidently  these  strings  of  eggs  are  the 
result  of  a  process  of  oviposition  similar  to  that  occurring  in  8trongy- 
hides  ovodnctus.  Whether  the  Strongyloides  in  question  was  8.  ovo- 
cinctuSy  8.  papiUosuSj  or  another  species  is  uncertain.  Looss  (1905, 
Handbuch  dc  Tropenkrankh.  [Mense],  v.  1,  p.  189)  states  with  refer- 
ence to  8,  stercoralis  that  this  species,  wliich  normally  deposits  its  eggs 
in  the  burrows  wliich  it  forms  in  the  intestinal  mucosa,  may  when 
wandering  free  in  the  lumen  of  the  intestine  deposit  its  eggs  in  short 
strings.  Looss,  however,  gives  no  description  of  these  strings  or  eggs, 
nor  does  he  offer  an  explanation  of  the  way  in  wliich  they  are  formed. 
It  is  very  probable  that  the  strings  of  eggs  deposited  by  8,  stercoralis 
originate  in  tlie  same  maimer  as  those  deposited  by  8-.  ovodnctus,  and 
hence  it  seems  not  unUkely  that  the  process  of  oviposition  which  oc- 
curs in  8.  ovodnctus  will  be  found  on  further  investigation  to  be  of 
general  occurrence  in  the  genus  8trongyloides, 

Family  TRICHINELLID.iC  Stiles  and  Crane,  1910, 

Family  diagnosis. — Nematoda:  Esophagus  consisting  of  a  chain  of  single  cells,  the 
lumen  of  the  esophagus  passing  through  the  center  of  each  cell.  Anterior  portion  of 
body,  occupied  by  esophagus,  usually  very  slender;  posterior  portion  occupied  by 
intestine  and  reproductive  organs,  more  or  less  swollen.  Spicule  of  male  single  or 
absent.  One  testicle.  Only  one  ovary.  Vulva  situated  at  the  junction  of  the  ante- 
rior and  posterior  portions  of  the  body. 

Type  qenus. — TYichinella  Railliet,  1895. 

Two  subfamihes  may  be  recognized  in  this  family. 

KEY  TO   SUBFAMILIES   OP  TRICHINELLID.E. 

Male  with  spicule Trichurinae,  p.  Ill 

Male  without  spicule;  only  accidental  in  ruminants Trichinellinae,  p.  120 
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Snbfbniilsr  TI11C1BLTJR1N.X:  liaxisonu  lOll. 

Sttbfamilt  diagnosis. — ^Trichinellidse  (p.  110):  Male  with  spicule.  Female 
deposits  eggs  characterized  by  the  presence  of  an  opening  at  each  pole  closed  by  a 
plug-like  operculum.  Development  so  far  as  known  direct,  without  intermediate 
host,  and  without  encysted  larval  stage.  Eggs  do  not  hatch  until  after  they  have 
been  swallowed  by  a  suitable  host. 

Type  genus. — Trichuris  Koederer  and  Wagler,  1761. 

Two  genera  of  this  subfamily  are  represented  among  the  nematodes 
of  ruminants. 

KEY  TO   GENERA    OP  TRICHURINiB . 

Anterior  portion,  or  esophageal  region,  of  body  very  slender,  and  considerably  longer 
than  the  posterior  portion  which  is  much  thicker  and  contains  the  reproductive 
organs;  males  40  to  80  mm.  long,  females 48  to  70  mm.  long Trichuris,  p.  Ill 

Posterior  portion  of  body  less  than  one-tenth  of  a  millimeter  in  diameter;  not  much 
thicker  than  the  anterior  portion;  anterior  portion  of  body  not  as  long  as  the 
posterior  portion;  males  S  to  13  nmi.  long,  females  12  to  20  mm.  long. 

Capillaria,  p.  117 

Genus  TRICHURIS  Roederer  and  Wagler,  1761. 

1761:  Triehuris  Roederer  and  Wagler  in  Roederer,  1761a,  p.  243. 

1782:  Trichocephalos  Goeze,  1782a,  pp.  40,  112-123  (Trichuris  renamed). 

1788:  Trichocephalus  Schrank,  1788a,  pp.  4-5. 

1800:  Mcadgodes  Zeder,  1800a,  pp.  5-6  {TrichvriB  renamed). 

1801:  Tricocephalus  Lamarck,  1801a,  p.  338. 

Generic  dla.gno8I6. — ^Trichurinse  (p.  Ill):  Anterior  portion  or  esophageal  region  of 
body,  very  long  and  slender;  posterior  portion  of  body  containing  the  inteetine  and  re- 
productive organs  relatively  thick  and  much  shorter  than  the  anterior  portion .  Posterior 
extremity  of  body  blunt  and  rounded.  Anus  terminal  or  nearly  terminal.  On  the 
ventral  surface  of  the  anterior  portion  of  the  body  a  broad  longitudinal  band  (bacillary 
band)  formed  by  a  mass  of  punctiform  projections,  which  are  the  points  of  small  rod- 
like structures  emanating  from  subcuticular  cells  and  penetrating  the  cuticle.  This 
bacillary  band  terminates  near  the  beginning  of  the  thick  posterior  portion  of  the 
body.  Cuticle  with  annular  striations  whose  posterior  edges  project  slightly,  giving 
a  finely  seirate  appearance  to  the  contour  of  the  body.  Annular  striations  of  the 
cuticle  absent  from  the  ventral  surface  of  the  anterior  portion  of  the  body,  stopping  at 
the  edges  of  the  bacillary  band. 

Male.  Posterior  portion  of  body  rolled  dorsally  into  a  spiral.  Spicule  surroimded 
by  a  prepuce-like  sheath  which  evaginates  when  the  spicule  is  protruded.  Extenial 
surface  of  the  evaginated  sheath  smooth,  or  provided  with  little  spines. 

Female,  Posterior  portion  of  body  may  be  slightly  curved,  but  not  rolled  into  a 
spiral.  Vulva  near  the  beginning  of  the  thick  posterior  portion  of  the  body.  SheU 
of  egg  thick,  usually  brown  in  color,  with  an  opening  at  each  pole  closed  by  a  plug- 
like operculum.    Eggs  ellipsoidal. 

Type  species. — Trichwris  trichiura  (Linnseus,  1767). 

Six  species  of  Trichuris^  two  of  them  very  imperfectly  known, 
occur  in  ruminants. 

KEY  TO   SPECIES   OF  TRICHURIS. 

(The  very  imperfectly  known  species  Trichuris  camelif  p.  116,  and  T.  giraffx,  p.  117, 
are  not  included  in  this  key.) 

1.  Spicule  less  than  2  mm.  long Trichuris  discolor,  p.  114 

Spicule  more  than  2  mm.  long 2 
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2.  Sheath  of  spicule,  when  evaginated,  without  bulbous  enlargement  at  end;  armed 

with  20  longitudinal  rows  of  conical  epinee;  spicule  3  mm.  long  by  8/i  thick. 

Tricktaris  alcodci,  p.  115 
Sheath  of  spicule,  when  evaginated,  with  bulbous  enlargement  at  end 3 

3.  Spines  on  bulbous  enlargement  of  spicule  sheath  more  than  twice  as  long  as  the 

spines  on  the  rest  of  the  sheath;  spicule  4.3  mm.  long. . .  Trichuris  glohulosa,  p.  115 
Spines  on  bulbous  enlargement  of  spicule  sheath  not  longer  than  the  spines  on  the 

rest  of  the  sheath;  spicule  5  to 

6  mm.  or  more  in  length 

TrickurU  ovis,  p.  112 

Trichuris  ovis  (Abildgaard,  1795) 
Smith,  1908. 

(Figs.    138-140.) 

1795:    TrichocephaluB  ovis  Abild- 
gaard,  1795  (on  the  author- 
ity of  Railliet,  1893a,  p. 
481). 
1802:    Trichocephalus  affinia 

Rudolphi,  1802a,  p.  7. 
1803 :  Mastigodes  affinis  ( Rudolphi) 
Zeder,  1803a,  p.  70. 
1908:  Trichuris  ovis  (Abildgaard)  Smith,  1908a,  p.  269. 
Specific  diagnosis. —  Trichuris  (p.  Ill):  The  slender 
anterior  portion  of  th6  body  equals  two-thirds  to  three- 
fourths  the  total  length.    Head  less  than  10^  in  diam- 
eter, sometimes  provided  with  two  lateral  vesicular 
swellings.    The  marginal  rods  of  the  ba^llary  band  are 
larger  than  the  others. 

Male  50  to  80  mm.  long;  anterior  portion  of  the  body 
equal  to  about  three-fourths  the  length.  Spicule  (sp.y 
fig.  139)  of  nearly  equal  thickness  throughout,  but 
slightly  attenuated  from  in  front  posteriorly  and  ter- 
minating in  a  sharp  point;  length  5  to  6  mm.  or  more; 
diameter  about  25;i.  Sheath  of  spicule  (sh.,  fig.  139) 
very  long,  covered  with  little  spines  and  with  a  bulbous 
enlargement  at  end  when  evaginated. 

Female  50  to  70  mm.  long;  anterior  portion  of  body 
equal  to  about  two-thirds  the  total  length.  Eggs  (fig. 
140)  dark  brown  in  color,  lemon-shaped,  70  to  80;c 
long,  including  the  opercula,  or  55  to  65;i  excluding 
them,  and3  0  to  38//  broad. 

Hosts. — ^*Sheep  (Ovis  aries);  *cattle  {Bos  taunis); 
*goat  (Capra  hircus);  *moo6e(-4^ce  americaniu);  Dorcas 
gazelle  (Gazella  dorcas)]  chAmois  {Rupicapra  rupicapra); 
roe  deer  (Capreolu^s  capreolus);  giraffe  (Giraffa  camelopardalis);  Bactrian  camel  (Camelus 
bactrianus);  Arabian  camel  {Camelus  dromedarius);  *mule  deer  (Odocoileus  hemionus); 
marsh  deer  (Blastocerus  paludosus);  red  brocket  (Mazama  rufa)\  European  elk  {Alee 
alces);  *spotted  deer  {Cervus  axis);  *fallow  deer  {Dama  dama);  stag  {Cervus  elaphus); 
llama  {Auchenia  ghma);  argali^(0m8  ammon);  ^Mexican  mountain  sheep  {Ovis  mexi- 
cana);  ^Newfoundland  caribou  (Rangtfer  terrasnovx);  prong-homed  antelope  {AntUo- 
capra  americana). 


Fio.  127.—8tT(mffjfloides  ovocinctut. 
Egg-string.   X  160.  (Original.) 


DESCRIPTION. 


64987°— Bull.  127- 


rio.  138.— rrfcHurto  odi.  Poncrior  end  of 
bod;  ol  male,  wlCh  exierWd  spicule  (tp.)  tad 
BpIculeslieBth(dl.}Gii]ugrd.  (After Curtioe, 
IWOo,  pL  38,  Of.  4.) 
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T.OCATION. — Large  iateetiae,  rarely  ia  other  parts  of  the  alimentary  tract. 
LocALmss  coLLECTBD.— United  States,  Europe,  Asia,  Africa,  South  America,  New 
Zealand,  Australia. 

This  species  is  a  common  parasite,  and  has  been  frequently  re- 
ported in  various  ruminants  from  all  parts  of  the  world.  It  is  com- 
monly met  with  in  cattle, 
sheep,  and  goats  in  the  Unit«d 
States.  It  apparently  causes 
little  if  any  trouble. 

Leuckart  (lS68a,  pp.  497- 
502)     demonstrated     experi- 
mentally   that    this    species 
develops  directly  from  the  egg 
FM.  i4i.^Tridki.ri.)iiKotor.  Powerior  end  of  body  of     stage    without    intermediate 

inaltwUheraertedspiculeBQiiaplculifsheaUl,    Lateral       hoSt    and  withoUt    free-living 
vleir.    Enlarged.    (After  Lloslow,  t»08,  pi.  I.flg.  IJ).  _  ,    ,,  .° 

stages.  E^s  of  the  parasite 
kept  in  a  moist  medium  in  his  laboratory  from  February  to  August 
coDtainei  fully  formed  embryos  at  the  end  of  tliis  time,  which  con- 
tinued their  development  when  fed  to  a  lamb.  How  long  the  eggs 
may  retain  their  vitahty  is  uncertain,  probably, 
however,  several  years. 

Tiictaiuls  diBCoIor  {Linatoir,  1906)  Bansom,  1911. 

(Figs.  Ul-142.) 

1906:  Triduxephalvi  ditcohr  Linatow,  1906,  Spolia  Zeylanica,  Co- 
lombo, pt.  11,  V.  3;  Jan.,  pp.  164,  173,  pi.  1,  figs.  13-14 
(homBibot  i7ulicu»[=Bosirulicut],  Ceylon). 
1911:  JVicAum  ditcohr  (Linstow)  Ransom,  1911,  pp.  15,  111.  114, 

121,  figs,  141-142  (the  preaent  paper).  no.  142.- TVjittHrit 

SpBCtPic  DIAGNOSIS. —  TrichurU  (p.  Ill):  Cuticle  annulate  at  in  dliealiir.  Egg.  En- 
tervftls  ol  9.1;i;  contoiu-  ot  the  anterior  portion  of  body  serrate.  larged.  (After lid- 

Male  white,  45  mm.  long  by  0.14  mm.  thick  in  front,  0.55  mm.         ^''^\  j"*'  ^^  ^' 
beUnd;   sheath  of  spicule  spinoee;  spicule  long  and  narrow,  of 
even  width  except  at  the  rounded  apex,  1.76  mm.  long  by  ll/i  thick;  hence  not 
to  be  confounded  with  T.  ovit. 

Female  50  mm.  long  by  0.13  nun.  thick  in  front,  0.67  mm.  behind;  anterior  portion 
of  body  white,  posterior  portion  yellow;  ^gs  (fig.  142)  65  by  35;i  with  large  spherical 
opercula  at  the  poles. 

Host.— Zebu  (Bo»  in*nur). 

Location. — Stomach  (?), 

LocAUTY  COLLBCTED. — Ceylon. 

The  above  description  is  taken  from  Linstow  (1906,  Spolia 
Zeylanica,  Colombo,  pt.  11,  v.  3,  Jan.,  p.  164). 
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Tricburia  alcocki  (Linslow,  1906)  Ransom,  1911. 

■    <Flj.i43.) 

1906:  Tnehoeephalut  aieoeti  Linstow,  190«,  Zool.  J»hrb.,  Abt.  f.  Syat.,  v.  24(1),  pp. 

7-8,  pi.   1,  lig.  9  (from  iii(«atme  of  Ctrautttdi,  India). 
1911:  TndturU  ai&xki  (Linstow)  Raneom,  1911,  pp.  15,  112,  115,  123,  fig.  143  (the 
present  paper). 

Specific  DiAONOSis. — Tndmn*  (p.  Ill):  Annular  BtriationB  of  anterior  portion  of 
body  at  intervals  of  6.5^,  interrupted  by  tlie  bacillary  band,  whotw  breadth  ie  equal 
to  about  eevea-tentha  of  the  diameter  of  the  body.  The  annular  atriations  give  the 
anterior  porlion  of  the  body  a  serrate  contour. 

Mah  65  mm.  long  by  0.2  mm.  in  thickness  anteriorly,  0.7  mm.  poeteriorly.     Length 
oi  anterior  portion  of  body  three  timee  the  length  of  the  posterior  portion.     Tail  curved 
dorsalward  in  a  aomicircle.    Spicule  3  nun.  long,  gfi  thick,  attenuated  at  the  end. 
Sheath  of  spicule,  when  evaginated  a 
disUnce  of  260;i,  measures  26;i  broad,  is 
nithout  poeterior  enlargement,  and  is 
armed  with  regularly  arranged  powerful 
spines.    The  spines  are  conical  in  shape 
and  arranged  in  20  longitudinal  rows. 

FenuiU  62  mm.  long  by  0.2  mm.  in 
thickneffi  anteriorly,  0.86  mm.  po'le- 
riorly.  Anterior  portion  of  body  about 
4}  timee  as  long  as  the  posteriorportion. 
Anus  nearly  terminal,  slightly  ventral. 
Eggs  with  thick  shells,  62p  longbySlfi 

Host.— Thamin  (Certnit  eidx). 
Location  . — In  teatine . 
IiOCAUTT  coLLBCTED. — India. 


The  foregoing  diagnosis  is 
taken  from  the  original  descrip- 
tion given  by  Linstow  (1906). 


(Figs.  lM-146.) 

1901:  Ttidiocephalut  glohukma  Lin- 
stow, 1901c,  pp.  182-183,  pi. 
8,  figs.  1-3  (from  Canuta» 
drtrmedariut). 

1911:  JVicfturt«j7to()uto«i{Linstow)IUii- 

Bom,  1911,  pp.  IB,  112, 115-116,         ^,,,    L»i*ral  view.     Enbrred.    {Alter  Ltostow, 


—  Ttidmrit  alcoeki,    PoBUrior  end  ol  body  ot 


123,  figs.  144-146  (the  present        itoe,  pi.  i,  Qi 

paper). 
Specific  diaonosis.— JVtcAum  (p.  Ill):  The  lateral  bands  are  visible  only  in  the 
anterior  portion,  or  esophageal  region  of  the  body;  their  breadth  is  equal  tu  about  one- 
half  the  diameter  of  the  body;  they  are  composed  of  small  circular  structures  closely 
pressed  together;  the  usually  rod-lite  structuree  are  not  recognizable;  the  cuticle  is 
obliquely  annulat«d  at  intervals  of  about  3;i. 

Male  about  40  mm,  in  length  by  120/1  in  breadth  anteriorly  and  710/(  posteriorly. 
The  esophagus  is  about  two-thirds  the  length  of  the  body.  The  spicule  ie  4.3  mm. 
long,  enlarged  at  the  base;  the  posterior  end  tapers  gradually  to  a  fine  point.  The 
sheath  of  the  spicule  ie  spinose  with  a  globular  posteriorly  truncated  swelling  at  the 
end,  and  may  be  evaginated  a  distance  of  750/i;  the  spines  are  extraordinarily  close 
set  and  [K>int  backwards  (i.  e.,  toward  the  body),  measuring  about  5;i  long,  except  on 
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the  bulboue  end  where  they  are  fiuthei  spMt,  directed  ladially,  and  measure  H/t  io 
length.    The  seminal  veoicle  is  about  8  mm.  long. 

F«inabattainsaleiigthof  about  48nim.,  withabreadthanteriorly  of  about  SOp,  and 
a  maumum  breadth  posteriorly  of  about  870fi.  The  eeuphagiu  is  about  three-fourtha 
the  length  o(  the  body.  Vulva  close  behind  the  posterior  end  of  the  eeophagua.  E^ 
shell  thin  withacircularopeningat  each  pole  closed  by  aglobular  operculum.  Length 
of  egg  including  the  opercula  6S;(,  without  these,  60;i;  breadth,  36^1. 

Host. — Arabian  camel  (Camelui  dromedariiu). 

Location. — 7 

LocAun  COU.BCTBD.— TGennany. 


Fia.lU.— riidtBrit  gMulMO.  Po«tcriar  ead 
of  body  ol  male.  LaWrel  view.  Enkcgcd. 
(Allcr  Linatow,  IMIe,  pL  8,  Of.  2.) 


FN.  M.-  TrlclmrU  ^obukta.  PoRerM  «Od  0( 
bodyolomlr.  Lalfnlvlew.  Bulargcd.  <Afl«r 
LInitow,  19D1C,  pi.  S,  flg.  1.) 


This  species  was  described  from  specimens  in  the  Senckenbeig 
Museum  at  Frankfort-on-the-Main.  The  above  diagnosis  is  based 
on  Linstow's  (1901c)  original  description. 

Trichuria  cuneli  (Rudolphi,  1819)  RanMm,  1911. 

1819:   Trichoeephalus  cameli  Rudolphi,  1819a,  pp.  18,  228  (from  large  intestine,  Qtnulut 

bru^lnaniis  and  Canulut  dromedarivi). 
1849:   Trkhocephalut  edtinophj/tbi*  Nitzech  in  Creplin,   lS49a,  p.  58  {from  CanuluM 

dromfdaruii.     According  \a  Bailliet  1893a,  p.   483,  this  species  \s  probably 

identical  with  Tridioaphalixt  eameti  Rudolphi). 
1911:  JVrcftiirw  ctxnuli  (Rudolphi)  Ransom,  1911,  pp.  15,  111,  116-117, 123  (the  present 

Specific  diagnosis. — Trichiait  (p.  Ill);  Anterior  portion  of  body  equal  to  about 
three-fourths  the  total  length.  Spicule  of  malo  long,  filiform,  flat,  terminating  in  a 
point.  Sheath  of  spicule  when  evaginated  covered  with  numerous  spines  and  with 
a  button-like  enlargement  at  its  extremity. 

Hosts, — Arabian  camel  (Cani^'iuiA'oinefartiu);  Bactrian  camel  (Canufiuftocfrionua). 

Location. — Large  inlesiine. 

Locality  collected.— Europe. 

The  Bureau  of  Animal  Industry  collection  of  parasites  contains 
specimens  of  TrickurU,  possibly  belonging  to  this  species,  coDected 
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from  a  dromedary  which  died  at  the  National  Zoological  Park,  Wash- 
ington,  D.  C. 

Trichuris  ginffm  (Diesing,  1851)  Ransom,  1911. 


1851:    Trichocephalu8    giraffse  Dieeing,   1851a,   p.   294  (from    Camelopardalis  giraffa 

[^Giraffa  camelo-pardalis]). 
1911:  Trichuris  gvraffse  (Diesing)  Ransom,  1911,  pp.  15,  111,  117, 123  (the  present  paper.) 

Specific  diagnosis. — Trichuris  (p.  Ill):  Total  length  75  to  100  mm.  Anterior  poi^ 
tion  of  body  four-fifths  the  total  length. 

Host. — Giraffe  {Giraffa  camelopardalis). 

Location. — Small  intestine. 

Locality  collected. — Egypt. 

All  that  is  known  concerning  this  form  is  that  Clot-Bey  (1839, 
Bull,  scient.  acad.  imp6riale  d.  sc.  St.  Petersbourg  (126),  v.  6  (6),  19 
aodt,  pp.  94-95)  found  some  whip  worms  of  the  size  given,  in  the  small 
intestine  of  a  giraffe  which  died  after  having  been  kept  at  Cairo  about 
one  year. 

Genus  CAPILLARIA  Zeder,  1800. 

1800:  Capillaria  Zeder,  1800a,  p.  5. 

1819:  Trichosoma  Rudolphi,  1819a,  pp.  13-16,  219-223  (Capillaria  renamed). 

1839:  Trichosomum  Creplin,  1839a,  p.  278  (Trichosoma  renamed). 

1845:  Calodium  Dujardin,  1845a,  pp.  4,  25-29  (?type  species,  C.  annulosum). 

Generic  diagnosis. — ^Trichurinse  (p.  Ill):  Body  very  slender,  capillary.  Bacillary 
bands  present,  dorsal,  ventral,  or  lateral  in  position.  Esophagus  long  and  slender,  gradu- 
ally increasing  in  size  posteriorly.  Tail  of  male  may  be  provided  with  membranous 
wings,  and  a  membranous  bursarlike  structure,  which  are  usually  inconspicuous. 
Spicule  long  and  slender  surrounded  by  a  sheath  whose  outer  surface  when  the  sheath 
is  evaginated  may  be  smooth  or  armed  with  spines.  Vulva  located  near  the  base  of 
the  esophagus.  Eggs  ellipsoidal.  Egg  shell  with  an  opening  at  each  pole  closed  by 
a  plug-like  operculum. 

Type  species. — Capillaria  tumida  Zeder,  1803==7WcAo»o77uz  hrevicolle  Rudolphi, 
1819. 

Three  species  of  Capillaria  occur  in  ruminants. 

key  to  species  of  capillaria. 

Male  8  to  9  mm.  long,  female  about  12  mm.  long;  spicule  about  0.9  mm.  long. 

Capillaria  brevipeSy  p.  117 
Male  11  to  13  mm.  long,  female  about  20  mm.  long;  spicule  about  1.2  mm.  long. 

Capillaria  longipes,  p.  119 
Male  about  12  mm.  long,  female  about  20  mm.  long Capillaria  bovis,  p.  120 

Capillaria  brevipes  Ransom,  1911. 

(Figs.  147-149.) 

1911:  Capillaria  brevipes  Ransom,  1911,  pp.  15,  117-119, 122,  figs.  147-149  (the  present 
paper). 

Specific  diagnosis. — CapiUaria  (p.  117):  Body  very  slender,  gradually  increasing  in 
size  from  the  head  backward,  reaching  its  maximum  thickness  in  the  posterior  region 
of  the  body  some  distance  in  front  of  the  tail,  toward  which  the  thickness  of  the  body 
again  diminishes.    Head  lees  than  lOpL  in  diameter. 

Male  8  to  9  mm.  long  by  50;x  in  maximum  thickness.  Esophagus  about  4  mm.  in 
length.  Spicule  (sp.,  fig.  148)  about  0.9  mm.  long.  Sheath  of  spicule  (sh.y  fig.  148) 
considerably  longer  than  the  spicule,  and  when  extruded  about  lO/i  in  diameter, 


118     NEMATODES  PARASITIC  IN  ALIMENTARY  TRACT  OF  RUMINANTS. 

without  spines.  Tail  curved.  Along  each  side  of  the  poeterior  end  of  the  body, 
beginning  200  to  300/i  from  the  tip  of  the  tail,  there  is  a  nairow  membranoue  wing 
(I.  m.,  fig.  148)  terminatitig  opposite  the  anus,  which  is  subterminal  in  position.  The 
tail  is  supplied  with  aemall  membranous  buna-like  stnicture(b.m.,  fig.  MS)  supported 
on  each  side  by  a  Bmall  leg-like  process  c»iginating  dorsally  from  the  poet«rior  end  of 
the  body.  The  shorter  more  slender  distal  portion  of  this  process  is  bent  forward 
almost  at  right  angles  to  its  proTimal  portion,  which  measures  about  15/1  in  length. 

FesnaU  about  12  mm.  long  by  60;i  in  maximum  thickness.     Esophagus  about  5  mm. 
long.    Diameter  of  body  at  base  of  esophagus  about  50;i.    Posterior  end  of  body 


Fio.  148.— Oipjllaru  briiiipti.  PostHlar 
fud  of  bod;  of  male.  Lateial  vieir.  b. 
TD.,  bursal  membreiie:  I,  ni.,  lBlcralm«m> 
brane;  ah,,  spicule  stieatb;  tp.,  spicule. 
X  aoa    (Ortglnal.) 


Fia.  m.—  OipIUailabTevipa,    Ifale  at  right,  («nale  at  left. 

•Vulva.    Xli    (Original.)  F.«.  H9.-«,p(toH.*r™(p».    Eeg.  X800. 

(Origloal.) 

blunt;  anus  tenninal.  Vulva  situated  just  posterior  of  the  base  of  the  esophagus. 
Eggs  (fig.  149)  50;i  long  by  26p  wide,  including  the  opercula,  shell  3  to  4/i  thick. 

Host.—*  Sheep  (Ovis  ariea). 

Location. — Small  intestine. 

LocAUTY  COLLECTED.— United  States, 

TrPB  SPECIMENS. — Bureau  of  Animal  Industry  Helminthological  Collection  No. 
4234,  collected  January  16,  1906,  from  the  small  intestine  of  a  sheep  at  Betbeeda,  Md., 
by  Dr.  E.  C.  Stevenson. 
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This  species  has  been  frequently  found  in  sheep  at  the  Bureau  of 
Animal  Industry  Experiment  Station. 

CapUlaria  longipes  Hansom,  1911. 

(Figs.  150-152.) 

1911:  CapUlaria  Umgipes  RsLnaom,  1911,  pp.  15,  117,  119-120,  122,  figs.  150-152  (the 
present  paper). 
Specific  diagnosis. — Capillaria  (p.  117):  Body  very  slender,  gradually  increasmg 
in  size  from  the  head  backward,  reaching  its  maximum  thickness  in  the  posterior 


TiQ.lSO.-^OapiOaria  longipes.    Male  above,  female  below.    ♦Vulva.    X  15.    (Original.) 

region  of  the  body  some  distance  in  front  of  the  tail,  toward  which  the  thickness  of  the 
body  again  diminishes.    Head  less  than  lO/i  in  diameter. 

Male  11  to  13  mm.  long  by  50  to  60/«  in  maximum  thickness.  Esophagus  4  to  5 
mm.  in  length.  Diameter  of  body  at  base  of  esophagus  about  40/t.  Spicule  (sp, 
fig.  151)  about  1.2  mm.  long.  Sheath  of  spicule  («^.,  fig.  151)  considerably  longer 
than  spicule  and  about  12//  in  diameter  when  extruded,  without  spines.    Tail  curved . 
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Along  each  aide  of  the  poaterior  end  of  the  body  beginning  about  300^  from  the  tip 
of  the  tail,  a  nlher  broad  membranoiu  wing  (i.  m.,  fig.  151)  which  extends  aa  faras 
the  anuB,  which  is  Bubterminal  in  position.  Membrauoua  buna-hke  structure  (b.  m., 
fig.  161)  at  the  tip  of  the  tail  supported  on  e«ch  side  by  a  leg-like  procesi  whose  shorter, 
more  elender  distal  portion  is  bent  nearly  at  right  Mtglee  to  its  proximal  portion, which 
measures  about  3D/i  in  length. 

FemaU  about  20  mm.  long  by  80;i  in  maximum  thickneM.  Esophagus  6  to  7  mm. 
long.  Diameter  of  body  at  base  of  eeophagus  about  60;i.  Posterior  end  of  body  blunt; 
anus  terminal.  Vulva  situated  just  posterior  of  the  base  of  the  esophagus.  Egga 
(fig.  152}  45  to  50/1  long,  including  the  opercula,  by  22  to  25ji  wide;  shell  1.5  to  2/i 
thick. 

Host. — *  Prong-homed  antelope  [Antiiocapra  ammcona) ;  "sheep  (Ovit  aritt). 
Location. — Small  intestine. 
LocAUTT  COLLECTED. — United  States. 

Ttpb  8PE0IM smb.— Bureau  of  Animal  Inifustry  Helminthological  Collection  No. 
4222,  collected  August  13,  lS92,fTom 
the  small  intestine  of  a  prong-homed 
antelope  at  Washington,  D.  C,  by 
Dr.  A.  HattaU. 

Capillaiia    boris   (Schnyder,    1906) 
Ransom,  1911. 


1906:    Trichotoma   hovit   Schnyder, 

1906a,    p.  28  (from    Boi  taurut, 

Europe). 

Pio.  lEl.— CbpiOarlt  lonfrfprf.    Fosttrlor  cod  of  bod;  o[     1911:  CapiUana  hooi*  (Schnyder) 

male.    Ul*na  vf,w.    fc.  m. ,  bi™J  membran,;  /,  m„  Ranoom,    1911,   pp.    15,    117,    120, 

lateral  membiani:   ik.,  spicule  ifacatb;    (p.,  spicule.  ,„.  ,  ,  .  , 

xm  (Origmai.)  .  -p.    i-  I2l(the  present  paper). 

SpEcinc  DIA0N0818.— Capinaria 
(p.  117):  Malt  about  12  mm.  long  by  75;i  thick  in  the  posterior  r^on  of  the  body. 

Female  about  20  mm.  long  by  95;i  thick  in  the  poaterior  region  of  the  body.    Egga 
47/1  long  by  27 ji  wide. 
Host.— Cattle  (Bo»  taunit). 
Location, — Small  intestine. 

D .  — Switzerland . 


Schnyder  (1906a,  pp.  28,  36)  gives  only  a  very  brief  description  of 
this  form,  from  which  the  above  diagnosis  is  taken. 

Sub&milj'  TRICHINElLLrN'.aC  KanBOtn,  1911. 

SuBPAMiLTDiAaNosis.— Trichinellide(p.  110):  Malewithoutspicule.  Femaleovo- 
viviparous.  Adults  in  intestine  of  host  produce  larva  which  penetrate  into  the 
muscles,  become  encysted,  and  develop  to  maturity  when  the  fleeb  of  this  host  is 
swallowed  by  another  animal. 

Type  oenl-b.— 7Vicftin«/ia  RailUet,  1895. 
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KEY  TO   GENERA  OF  TRICHINELUNA. 

One  genus Tridiinella,  p.  121 

Genus  TRICHINELLA  RaiUiet,  1895. 
Trichinella  spindis  (Owen,  1835)  Railliet,  1895. 

TrichineUa  spiralis  is  mentioned  only  as  of  passing  interest  in  the 
present  connection.  The  adults  of  this  species  may  eccur  in  the 
intestine  of  ruminants  as  the  result  of  accidentally  swallowing  flesh 
infested  with  the  encysted  larvae,  but  there  is  httle  Ukelihood  of  their 
ever  being  discovered  unless  they  are  specially  looked  for  at  the 
proper  time  after  the  ingestion  of  trichinous  flesh,  as,  for  example,  in 
experimental  infections. 

COMPBNDIXJM  OF  SPEOIBS  ABBANGED  AOOOBDXNG  TO  HOSTS.» 

Order  GhLIRES. 
Family  LEPORIDiE. 

Lepus  cuniculus.    Rabbit. 
*  Strongyloides  papUlonu,^  p.  105. 
Order  UNGULATA. 

Sul>orcLer  -AJaTIOI>-A.CTYLA. 

Family  BOVIDM. 


Addaz  nasomacuUtus.    Addaz. 

Hasmonckus  contortus,  p.  50. 

Bison  bison.    American  Bison. 

*naemfmchu8  contortiu,  p.  50. 

Bos  gnumiens.    Yak. 

Monodontus  longecirratusy  p.  34. 

Bos  indicus.    Zebu. 

Arnxuris  vitulorum,  p.  25. 
Affriostamum  vryhurgi^  p.  27. 
Monodonttu  phlebotomtiSf  p.  31. 
NenuUodirus  digitatus^  p.  85. 
GongyUmema  tcutatum,  p.  100. 
Gongylonema  verrucasum,  p.  102. 
TrichurU  discolor j  p.  114. 


Bos  taums.    Domestic  oz. 

Ascaris  vitulorum^  p.  26. 

*  Monodontus  phlebotomuSf  p.  31. 

*  Chahertia  ovina,  p.  35. 

?  (Esophagostomum  columbianunif  p.  41. 
^CEsophagostomumradiatumy  p.  44. 

*  nsemonchus  contortus ^  p.  50. 
*Ostertagia  ostertagi,  p.  56. 

*  Cooperia  punctata,  p.  74. 

*  Cooperia  oncophora,  p.  77. 

*  Cooperia  pectiruUa,  p.  81. 

*  Nematodirus  filicolliSf  p.  82. 

*  Trichostrongylus  extenuatv^y  p.  94. 

*  Gongylonema  scutatum,  p.  100. 

*  Trichuris  ovis,  p.  112. 
Capillaria  hovis,  p.  120. 


«The  author  is  indebted  to  Mr.  E.  A.  Preble,  Bureau  of  Biological  Survey,  United 
States  Department  of  Agriculture,  and  to  Mr.  N.  Hollister,  United  States  National 
Museum,  for  their  assistance  in  selecting  the  names  of  hosts  used  in  this  paper. 

b  The  asterisk  (*)  signifies  that  specimens  of  the  species  indicated  have  been  col- 
lected in  the  United  States  from  the  host  under  which  it  is  listed  and  that  these 
specimens  have  been  examined  by  the  author. 
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Capn  hircus.    Domestic  gott 

*  MonodonttLS  trigonocephaltuty  p.  28. 

*  Chahertia  ovina^  p.  35. 
*(Esophago$to7num  columbianuMf  p.  41. 
*(Esophagostomumvenulosumj  p.  46. 

*  EssjTumchus  contortns,  p.  50. 

*  0$lertagia  circamdncUL,  p.  69. 

*  Osier tagia  trifvurcata,  p.  62. 

*  Cooperia  curticeij  p.  71. 

*  Nematodinis  filicolliSy  p.  82. 

*  Trichostronffylus  instabiliSf  p.  88. 

*  Trichostrongylus  vitrinus,  p.  92. 

*  Trichostrongylus  extenuatus,  p.  94. 

*  Drichostrongylns  capricola^  p.  96. 
Gongylonema  scvUaium^  p.  100. 

*  Strongyloides  papillosus,  p.  105. 

*  Trichuris  ovis,  p.  112. 

Capra  ibex.    Alpine  Ibex. 

Eucyathostomum  spinulosunij  p.  40. 

Gazella  dorcas.    Dorcas  Gazelle. 

Chahertia  ovinaj  p.  36. 
Trichostrongylus  instahilis,  p.  88. 
Trichostrongylus  proholurus,  p.  90. 
Trichuris  ovis^  p.  112. 

Oryx  leucoryx.    White  oryx. 

Chahertia  omna,  p.  35. 

Ovis  anunon.    Argali. 

Chahertia  ovina,  p.  35. 
CEsophagostomum  venulosurriy  p.  46. 
Hxmonchus  contortuSy  p.  50. 
Trichuris  ovis,  p.  112. 

Ovis  aries.    Domestic  sheep. 

*  Ascaris  ovisj  p.  25. 

*  Monodontus  trigonocephalusy  p.  28. 

*  Chahertia  ovina,  p.  35. 
^CEsophagostomum  columhianum,  p.  41. 
HEsophagostomum  venulosumy  p.  46. 


*IIsemonehus  contortuSy  p.  50. 
Wstertagia  ostertagiy  p.  56. 
*Ostertagia  circwndnctay  p.  59. 
*Ostertagia  trifurcatay  p.  62. 
*Ostertagia  vMarshalliy  p.  62. 
*Ostertagia  orddentaliSy  p.  67. 

*  Cooperia  curticeiy  p.  71. 
*Cooperia  oneophoray  p.  77. 
*Ne7natodinisfilicolliSy  p.  82. 
*Triehostrongyliu  instabUiSy  p.  88. 
Trichostrongylus  colubri/ormiSy  p.  90. 
Trichostrongylus  proboluruSy  p.  90. 

*  Trichostrongylus  vitrinus y  p.  92. 

*  7Vic^^ro7ij^Zt^«  <;xt«nua<tts,  p.  94. 
*2Vw:Ao«iron^/i«  capricohiy  p.  96. 
*Gongylonema  scutatumy  p.  100. 
Gongylonema  verrucosumy  p.  102. 

*  Strongyloides  papillosum  y  p.  105. 
*2>icAttm  ovw,  p.  112. 
*Capillaria  breinpeSy  p.  117. 

.  *Capillaria  longipesy  p.  119. 

Ovis  canadensis.    Mountain  sheep. 

*  Cooperia  oneophoray  p.  77. 

Ovis  mexicana.    Mexican  mountain 

sheep. 

*Hsemonchus  contortuSy  p.  50. 

*  Trichostrongylus  extenuatuSy  p.  94. 
*7VicAwri«  ovM,  p.  112. 

Ovis  nahura.    Bharal. 

*HseTnonchus  contoHuSy  p.  50. 
*Ostertagia  ostertagiy  p.  56. 
^Trichostrongylus  instahilisy  p.  88. 

*  Trichostrongylus  extenuatus y  p.  94. 

Rupicapra  rupicapra.    Chamois. 

Monodontus  trigonocephaluSy  p.  28. 
Chahertia  ovirui,  p.  35. 
CEsophagostomum  venulosumy  p.  46. 
Ilaemonchus  contortuSy  p.  50. 
Ostertagia  hrigantiacOy  p.  69. 
Trichuris  oviSy  p.  112. 


Family  ANTILOCAPRID.E. 


Antilocapra  americana. 

*H3emonchus  contortuSy  p.  50. 
*Ostertagia  drcumcinctay  p.  59. 
* Nematodirus  JilicolliSy  p.  82. 

*  Trichostrongylus  instahiliJty  p.  88. 

*  Trichostrongylus  extenuxituSy  p.  94. 


Prong-homed  antelope. 

*  Trichostrongylus  capricola,  p.  96. 

*  Strongyloides  ovocinctuSy  p.  108. 
Trichuris  oviSy  p.  112. 
*Capillaria  longipeSy  p.  119. 
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Trichwris  oviSy  p.  112. 


FAMU.Y  GIRAFFIDiE. 

GirafEt  camelopardalis.    Giraflfe. 

Tnchuris  ffiraffXy  p.  117. 

Family  CERVID.E. 


Alee  alces.    European  elk. 

Trichuris  ovw,  p.  112. 

Alee  americanus.    Moose. 

*n3smonchu8  conlortus,  p.  50. 
*TrichvH8  ovisj  p.  112. 

Blastocerus  eampestris.    Pampas  deer. 

Evjcyaihostomum  longeguhulalumy  p.  38. 

Blastoeerus  paludosus.    Marsh  deer. 

Sjyiroptera  verrucosa,  p.  104. 
Tnchuris  oviSy  p.  112. 

Capreolus  eapreolus.    Roe  deer. 

Chabertia  oviruiy  p.  35. 
CEsopkagostomum  venulosum,  p.  46. 

*  HiBTnonchus  contortuSy  p.  50. 

*  Nematodinia  filicolliSy  p.  82. 

*  Trichostrongylus  instabilis,  p.  88. 

*  Tricho8trongyltL8  exUnvxitus,  p.  94. 
Trichuris  oviSy  p.  112. 

t^ervus  axis.    Spotted  deer. 

*  Trichwris  oviSy  p.  112. 

Cervus  elaphus.    Stag. 

Chabertia  oviruiy  p.  35. 
Strongylus  ventricosuSy  p.  98. 
Trichuris  oviSy  p.  112. 


Cervtts  eldi.    Thamin. 

Trichuris  alcochiy  p.  115. 

Dama  dama.    Fallow  deer. 

Chabertia  ovina,  p.  35. 

*  CEsophagostomum  venulosumy  p.  46. 
Nematodirus  filicolliSy  p.  82. 

*  Trichuris  oviSy  p.  112. 

Mazama  nana.    Pygmy  brocket. 

(f  Hssmonchus)  bispinosv^Sy  p.  54. 
Spiroptera  verrucosay  p.  104. 

Mazama  rufa.    Red  broeket. 

Eucyathostomum  longesubulatunty  p.  38. 
Trichuris  oviSy  p.  112. 

Mazama  sp. 

*  Hatmonchus  contortuSy  p.  50. 

Odoeoileus  hemionus.    Mule  deer. 

*  IJxmonchus  contortuSy  p.  50. 

*  Trichostrongylus  extenuatuSy  p.  94. 

*  Trichuris  oviSy  p.  112. 

Rangifer    terras-novae.    Newfoundland 

caribou. 

*  Hsemonchus  contortuSy  p.  50. 

*  Oslertagia  circumcinctay  p.  59. 

*  Trichostrongylus  extenualuSy  p.  94. 

*  Trichuris  oviSy  p.  112. 


Family  CAA£ELID.E. 


Auchenia  glama.    Llama. 
Truhuris  oviSy  p.  112. 
Camelus  baetrianus.    Bactrian  camel. 

*  Trichostrongylus  instabilisy  p.  88. 

*  Trichostrongylus  proboluruSy  p.  90. 
Trichwris  oviSy  p.  112. 

Trichuris  cameliy  p.  116. 

Camelus  dromedarius.    Arabian  camel. 


Ilasmonchus  longistipeSy  p.  54. 
*Ostertagia  mentulatay  p.  68. 
Nematodirus  spathigery  p.  85. 
*  Trichostrongylus  instabiliSy  p.  88. 
Trichostrongylus  probolurus,  p.  90. 
Trichostrongylus  vitrinvs,  p.  92. 
Trichuris  oviSy  p.  112. 
Trichuris  globulosOy  p.  115. 
Trichuris  cameliy  p.  116. 


CEsophagostomum  venulosumy  p.  46. 
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Order  PRIMATES. 
Family  CERCOPITHECIDiE. 

Papio  liaiiuidiyas.    Arabian  iMilMMn. 

Triehostrongylns  irutabUiSf  p.  88. 

Family  HOMINID.^. 

Homo  sapiens.    Man. 

Hasmonchtu  contorUu,  p.  50. 
Trichostrongylus  instdbilia,  p.  88. 
TrichostrongyliLS  proholwrus^  p.  90. 
Trichostrongylus  vitrinuSy  p.  92. 


ADDENDUM. 


An  important  article  by  Railliet  and  Henry  (1910,  Quelques 
helminthes  nouveaux  ou  peu  connus  du  groupe  des  Bunostomiens, 
in  Bulletin  de  la  Soci6t6  de  Pathologic  exotique,  Paris,  v.  3  (5),  11 
mai,  pp.  311-315)  has  come  to  hand  too  late  for  consideration  in  the 
preparation  of  the  present  paper. 

In  conformity  with  the  opinion  of  these  authors  I  consider  that  the 
forms  which  I  have  grouped  in  the  subfamily  Metastrongylinee  should 
go  into  the  subfamily  TrichostrongylinsB  Leiper,  1908  (type  genus 
Tricho8tro7igylu8) .  Wherever  I  have  used  the  name  Metastrongylinse 
the  name  TrichostrongylinaB  should  therefore  be  substituted.  The 
subfamily  Metastrongylinse  is  accordingly  restricted  to  include  only 
the  genus  Metastrongylua  and  certain  other  genera  whose  species  are 
parasitic  in  the  respiratory  tract  and  circulatory  system. 

MonodoTitus  semicircularis  and  Bunostomum  trigonocephdluin  are 
apparently  not  congeneric.  The  genus  Bunostomum  may  therefore 
be  recognized,  with  the  three  species  Bunostomum,  trigonocepJuilum, 
B.  phlehotomumj  and  B.  longecirratum.  These  names  may  be  sub- 
stituted for  Monodontus  trigonocephalus,  M.  pTilehotomuSy  and  M. 
longedrratus  which  have  been  used  in  the  present  paper  for  the  species 
in  question. 

In  the  StrongylinflB  should  be  included  the  genus  Gaigeria  Railliet 
and  Henry,  1910,  closely  related  to  Bunostomum,  Its  type  and  only 
known  species,  Gaigeria  pachyscelis  Railliet  and  Henry,  1910,  has 
been  found  in  the  intestine  of  sheep  in  India  and  Africa  and  doubt- 
fully in  cattle  in  India. 
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Acuaria 103, 104 

acutuTrij  (Esophagostmnum 46 

Addax  nasomaculatiis 52, 121^ 

affinis,  Mastigodes 112 

Trichocephalus 112 

Agrioetomum 14, 26, 27 

vryburgi 14, 18, 27, 121' 

Alee  alces 112, 128 

americanus 52, 112, 128 

alcocki,  Trichocephalus 115 

Trichuns 15, 112, 116, 123 

ameiicana,  Antilorapra 52, 62, 84, 88, 94, 98, 108, 112, 120, 122 

americanus,  Alee t 52, 112, 128 

ammon,  Ovis 37, 47, 53, 112, 122 

ammonisj  Strongylus 46 

Angiostoma 104 

Angioetomidae 15, 23, 24, 104 

anniUosumj  Calodium 117 

Anihuris 103 

arUhuriSj  SpiropUra 103 

Antiloeapra  americana 52, 62, 84, 88, 94, 98, 108, 112, 120, 122 

Antiloeapridse 122 

ArUilope  rupioapra 35 

aries,  Ovis 25, 30, 

31,  37,  43,  47,  52,  58,  62,  66,  67,  73,  79,  82,  84,  88, 
90,  92,  94,  96,  98, 101, 102, 105, 112, 118, 120, 122 

Artiodaetyla 121 

AscaridflB 13, 18, 19, 20, 23, 24 

Aflcaris 13, 17, 23, 24-26 

equorum 25 

filicollis 82 

iumbrieoides 24, 25 

megalocephala 25 

ovM 13, 25, 122 

suum 25 

viiuli 25 

vitulonim 13, 17, 26, 121 

Auehenia  glama 112, 128 

axis,  Cervus 112, 128 

baetrianus,  Camelus 88, 92, 112, 116, 128 

Bibos  indicus 27, 85, 114 

Bison  bison 52, 121 

bispinoens,  ^JHeBmonehus) 14, 47, 50, 64, 123 

Strongylus 54 

Blastocerus  campestris 38, 128 

paludosus 104, 112, 128 

Bos  grunniens 35, 121 

mdieus 14, 15, 25, 27, 34, 85, 86, 101, 102, 114, 121 

taunis 25, 34, 37, 43, 44, 46, 52, 58, 77, 79, 81, 84, 94, 99, 101, 112, 120, 121 

Bovidae 121 

bovis,  Capillaria 15, 117, 120, 121 

(Esophaaostomum 44 

Strcmgyloides 74, 77 

Trichosoma 120 

125 
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hrevicolUy  Tnchosfmui 117 

brevipes,  Capillaria 15, 117-119, 122 

brigantiaca,  Ostertagia 14, 55, 69, 122 

Bunotiomum 27, 28 

longecirratum 34 

phlebotamum 31 

radiatum 31 

trigonocephaluin 27, 30 

Calodium 117 

annulosum 117 

cameli,  Trichocephalus 116 

Trichuns 15,  111,  116-117, 123 

CamelidsB 123 

Camelopardalis  ffiraffa 117 

camelopardalis,  Giraffa 112, 117, 128 

Camellia  bactrianus 88, 92, 112, 116, 128 

dromedarius 47, 54, 69, 85, 88, 92, 94, 112, 116, 128 

campeetrifl,  Blastocenis 38, 128 

Ceryus 38 

canadensis,  Ovis 79, 122 

Capillaria 15, 17, 20,  111,  117, 119, 120 

bovis 15, 117, 120, 121 

brevipes 15, 117-119, 122 

longipet* 15, 117, 119-120, 122 

tumida .* 117 

Capra  hircus 31, 37, 43, 46, 47, 52, 62, 73, 84, 88, 94, 96, 98, 101, 105, 112, 122 

ibex 40, 1 22 

Capreolus  capreolus 37, 47, 52, 84, 88, 94, 112, 128 

capricola,  Tnchoetrongylus 14,87, 96-98, 122 

Cercopithecidae 124 

cemua,  Uncinana 30 

( Monodontus) 30 

cemutUf  Dochmius 30 

Strongylus 30 

( Monodontus) 30 

cervioorniSf  Strongylus 56, 59 

(^ervid« 123 

Cervus  axis 112, 123 

campestrU 38 

dichotomus 104 

elaphus 37,  74, 98, 112, 128 

eldi 115, 128 

nambi 54, 104 

rufus 38 

Chabertia 14, 17, 18, 26, 86, 37 

o^-ina 14, 15, 85-88, 121, 122, 123 

circumcincta,  Ostertagia 14, 55, 58, 59-62, 122, 123 

circumcinctuSf  Strongylus 59, 62 

colubriformis,  Strongylus 88, 90 

TrichoBtrongylus 14, 87, 90, 122 

columbianum,  (Esophagostoma 41 

(Eflophagwtomum 14,41-1:4,46,47,121,122 

contortus,  Hsemonchus 14, 15, 34, 49, 50-54, 82, 85, 99, 121, 122, 123, 124 

Strongylus 35, 46, 50 

convolxUuSy  Strongylus 56 

Cooperia 14, 17, 49, 69-71,  77, 79, 81 

curticei 14, 70,  7 1-74, 77, 122 

curticii .  . .  . . 71 

oncophora  .*.'.'."." .'!!'. '. ...... '.  ....     '. '. '  14,"  7i*  74,"  76,"  7"7-*79,*99,*  121, 122 

pectinata 14, 71, 80, 81-82, 121 

punctata 14, 70,  74-77, 82, 121 

erenatunif  Gongylonema 102 

cuniculus.  Lepus 105, 121 

curticei,  Cooperia 14, 70,  71-74,  77, 122 

Strongjflus 71, 74,  79 

curticiij  Cooperia 71 

Strongylus 71, 74 

Damadama 37,47,84,112,128 
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dentatum,  (Esophagostomum 41 

dichotomuSj  Cenms 104 

digitatus,  rf ematodirus 14, 82, 85-86, 121 

Strongylus 85 

dilatatumy  (Esophagostomum 44 

dilatatuSf  Strongylita 44 

discolor,  Trichoetphalus 114 

Trichuns 15,111,114,121 

Displuxraffus 103 

Dochmius  cemuus 30 

hyposiomus 30, 35 

raaiatus 31 

domsstiea,  Ovis 25 

dorcas,  Gazella 37, 88, 92, 112, 122 

dromedariufl,  Camelus 47,54,69,86,88,92,94,112,116,128 

eeMnopkylluSf  Trichocephalus 116 

elaphua,  Cervus 37, 74, 98, 112, 128 

eldi,  Cenms 115,128 

equorum,  Ascaris 25 

Eucyathoetomum 14, 18, 26, 88,  40 

longesubulatum 14, 88-40, 123 

spinulosum 14, 38, 40, 122 

extenuatus,  Strongylus 94 

Trichostrongylus 14, 17, 82, 87, 94-90, 108, 121, 122, 123 

Filaria 99 

scutata 100 

verrucosa 104 

FilariidsB 14,19,20,23,24,99-100,103 

filicoUis,  Ascaris 82 

FvMLria 82 

Nematodinis 14, 82-86,  86, 107, 121, 122, 123 

Strongylus 50,82,107 

fordid,  Strongylus 14,47,99 

Fusaria 24 

filicollis 82 

Gazella  dorcas 37,88,92,112,122 

Giraffa  camelopardalis 112, 117, 128 

giraffa^  Camelopardalis 117 

giran®,  Trichocephalus 117 

Trichuns 15,111,117,123 

Giraffida 123 

glama,  Auchenia 112, 128 

Glires 121 

globulosa,  Trichuns 15, 112, 115-116, 123 

globulosus,  Trichocephalus 115 

Gongylonema 14, 17, 23, 100, 102 

crenatum 102 

minimum 100 

scutatum 14,100-101,121,122 

verrucosum 14,17,100,102,121,122 

gracilis,  Strongylus 94 

grunniens,  Bos 35, 121 

Hwmonchus 14, 18, 21, 22, 47, 4&-50,  54 

contortus 14, 15, 34, 49, 50-54,  82, 85, 99, 121, 122, 123, 124 

longistipes 14, 54,  123 

sp 62 

^?Haemonchu8)  bispinoisus 14, 47, 50, 54, 123 

namadryas,  Papio 88, 124 

harkerij  Stronaylus 56 

hemionus,  Odocoileus 62, 94, 112, 128 

hircus,  Capra 31, 37, 43, 46, 47, 52, 62, 73, 84, 88, 94, 96, 98, 101, 105, 112, 122 

Hominidse 124 

Homo  sapiens , 53,88,92,94,124 

hypostomum,  Sclerostoma 30, 35 

Sclerostomum 35 

hyposiomus,  Dochmius 30, 35 

StroTigyhis -35 
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ibex,  Capra 40, 122 

indicus,  Bibos 27, 85, 114 

Bo6 14, 15, 25, 27, 34, 85, 86, 101, 102, 114, 121 

injlatumj  (Egophagostoma 44 

(Etophapostomum 44 

var.  oviSf  (Egoj^iagostonui 46 

inftaiuSy  Strongyltis 44 

instabilis,  Strongyltis 59, 88 

TrichofltroDjgylua 14,87, 88-89,  90,92,96, 122, 123, 124 

intestinaliSf  Strongvloides 105 

jubata,  Myrmecophaga 44 

LeporicUe 121 

Lepus  cimiculus 105, 121 

leucoiyx.  Oryx 37, 122 

Lombncoides 24 

Umgedrraium^  Bunostomum 34 

longecirratus,  Monodontus 14, 28, 84r-86, 121 

Strongylus 34 

longesubulatum,  Eucyathostomum 14, 88-40, 123 

Selerostamum 38 

longipes,  Capillaria... 15,117,119-120,122 

loDgistipes,  HsemonchuB 14, 54, 123 
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LETTER  OF  TRANSMITTAL. 


United  States  Department  of  Agriculture, 

Bureau  op  Animal  Industry, 
Washington,  D.  C,  January  7,  1911. 

Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  a  bulletin  of  this  bureau  a  manuscript  entitled  ''The 
Influence  of  Type  and  of  Age  upon  the  Utilization  of  Feed  by  Cattle," 
by  Dr.  Henry  Prentiss  Armsby  and  Mr.  J.  August  Fries.  The  paper 
describes  work  done  during  a  period  of  three  years  in  cooperation 
between  this  bureau  and  the  Institute  of  Animal  Nutrition  of  The 
Pennsylvania  State  College. 

Two  steer  calves  were  selected  as  the  subjects  of  this  investigation, 

one  a  purebred  typical  beef  animal  of  one  of  the  well-known  beef 

breeds,  the  other  a  "scrub''  of  mixed  breeding.     Exhaustive  feeding 

trials  were  carried  out  with  these  animals,  including  twenty-four 

experiments  with  the  respiration  calorimeter.    FinaUy  the  steers  were 

subjected  to  a  slaughter  test  whereby  the  quaUty  of  the  meat  and  the 

relative  size  of  the  various  cuts  were  accurately  determined.    The 

work  is  therefore  important  alike  to  the  practical  feeder  and  the 

agricultural  scientist. 

Respectfully,  A.  D.  Melvin, 

Chi^  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE   INFLUENCE  OF  TYPE  AND  OF  AGE  UPON  THE 

UTILIZATION  OF  FEED  BY  CAHLE. 


nrTBODUcTioir. 

It  is  a  fact  of  common  knowledge  that  marked  differences  exist 
between  individual  animals  as  regards  the  returns  which  they  yield 
for  the  feed  consumed.  In  the  case  of  beef  cattle  especially  it  is  easy 
to  cite  from  the  experimental  records  of  the  past  numerous  instances 
in  which,  quite  aside  from  any  differences  in  the  quality  of  the 
product,  the  actual  gain  in  weight  per  pound  of  feed  consumed  has 
varied  considerably  with  different  animals  under  like  conditions. 
It  is  true  that  it  is  almost  equally  easy  to  cite  experiments  which  have 
failed  to  show  any  such  differences  in  this  respect  between  typical  beef 
animals  and  '^scrubs''  as  was  confidently  anticipated  by  dieir  pro- 
jectors, but  nevertheless  differences  in  the  type  and  individuality  of 
animals  are  admittedly  of  great  importance.  The  tendency  has  been 
to  ascribe  such  differences  to  physiological  causes.  A  common  state- 
ment is  that  a  good  feeder  has  a  greater  digestive  power  than  a  poor 
one,  although  fairly  numerous  experiments  have  failed  to  show  any 
marked  differences  in  the  percentage  digestibility  of  the  same  feeding 
stuffs  by  animals  of  different  types.  What  is  really  meant  by  such 
a  statement  usually  is  that  the  power  of  assimilation  of  the  one 
animal  is  superior  to  that  of  the  other;  that  is,  it  has  been  assumed 
that  the  advantage  of  the  better  type  of  animal  lay  in  its  ability  to 
produce  more  flesh  or  fat  from  a  unit  of  feed  than  could  the  poorer  one. 

The  existence  of  such  differences  in  the  metabolic  processes  of 
individuals  of  the  same  species,  however,  does  not  seem  especially 
probable.  It  is  difficult  to  see,  for  example,  how  one  steer  could 
manufacture  more  fat  than  another  from  a  unit  weight  of  a  carbo- 
hydrate. Moreover,  an  observed  superiority  in  the  amount  of  gain 
in  live  weight  made  may  be  conceived  to  arise  from  other  causes, 
as,  for  example,  from  a  difference  in  the  maintenance  requirement  or 
in  the  chemical  composition  of  the  increase  or  from  the  ability  of  the 
one  animal  to  consume  a  larger  amount  of  feed  than  the  other,  while, 
of  course,  differences  in  selling  price  depend  to  a  very  large  extent 
upon  the  conformation  of  the  animal  and  the  quality  of  the  meat. 
Nevertheless,  we  are  not  warranted  in  ignoring  the  possibility  that  an 
improved  animal  or  breed  may  have  actually  become  a  more  efficient 
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mechanism  for  converting  digested  food  into  tissue,  and  if  such 
differences  do  exist,  it  is  obviously  of  the  highest  importance, 
both  from  the  scientific  and  the  practical  standpoints,  that  their 
existence  and  their  extent  be  determined.  On  the  one  hand,  if  con- 
siderable, they  would  render  futile  any  attempt  to  express  with 
scientific  accuracy  the  nutritive  values  of  feeding  stuffs,  as,  indeed, 
some  writers  claim  to  be  the  case.  On  the  other  hand,  their  practical 
importance  is  manifest,  not  merely  in  relation  to  the  selection  of 
animals  for  meat  production  but  especially  in  their  bearing  on  the 
problem  of  the  improvement  of  the  breeds  of  meat-producing  animals. 

The  object  of  the  investigation  here  reported  was  to  test  this 
question  by  using  two  animals  of  markedly  dissimilar  type  and  deter- 
mining their  digestive  power  for  the  same  feeding  stuffs  and  the  pro- 
portion of  the  energy  of  the  latter  which  they  were  able  to  use  for 
maintenance  or  for  productive  purposes,  respectively. 

It  has  also  been  commonly  taught,  and  seems  to  be  generally 
accepted  by  animal  husbandmen  as  an  established  fact,  that  young 
growing  animals  not  only  make  relatively  larger  gains  than  more 
mature  ones,  but  Hkewise  more  economical  gains.  While  it  is  true, 
as  Waters  ^  has  pointed  out,  that  most  feeding  experiments  have 
exaggerated  the  differences  between  young  and  mature  cattle  in  these 
respects  through  failure  to  take  account  of  the  marked  influence  of 
the  condition  of  fatness  upon  the  rate  and  cost  of  gain,  it  is,  never- 
theless, a  well-established  fact  that  a  given  gain  in  Uve  weight  is, 
other  things  being  equal,  obtained  more  rapidly  and  with  less  feed  in 
young  than  in  old  animals. 

Certainly  a  laige  share  of  this  difference,  however,  is  due  to  the 
well-known  variation  in  the  character  of  the  increase,  as  has  been 
previously  discussed  by  one  of  us.'  The  young  animal  has  a  remark- 
able power  of  storing  up  protein  in  the  tissues  of  the  body,  and  the 
increase  in  weight  of  such  an  animal  consists  to  a  great  extent  of 
protein  tissue  with  its  accompanying  large  amount  of  water.  As  the 
age  of  the  animal  increases,  its  capacity  to  store  up  protein  diminishes, 
at  first  rapidly  and  then  more  slowly,  while  the  storage  of  fat  tends  to 
increase.  As  a  result,  a  unit  of  gain  made  by  a  young  animal  con- 
tains a  relatively  low  percentage  of  dry  matter,  which  itself  has  a 
relatively  low  energy  value.  On  the  other  hand,  the  gain  in  weight 
made  by  a  mature  animal  consists  largely  of  adipose  tissue  with  a  low 
water  content  and  a  high  energy  value,  so  that  a  unit  of  increase  in  a 
mature  fattening  animal  may  represent  the  storage  of  six  to  eight 
times  as  much  energy  as  an  equal  gain  in  weight  by  a  very  young 
animal.  It  is  obvious  that  to  produce  a  unit  of  increase  in  weight 
must  require  very  different  amounts  of  food  in  the  two  cases. 

1 "  Limitations  of  Baby  Be«f  Production/'  Thirty-ninth  Annual  Report  Missouri  State  Board  ol 
Agriculture,  1907,  pp.  114-166. 
>  Armsby.    U.  8.  Department  of  Agriculture,  Bureau  of  Animal  Industry,  Bulletin  108,  pp.  11-33. 
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The  energy  of  the  growth  process  in  the  young  anima]  is  such  a 
striking  phenomenon,  however,  and  the  feeder  is  so  accustomed  to 
thinking  in  terms  of  live  weight  that  the  impression  has  been  created 
that  somehow  the  rapid  increase  in  Veight  and  bulk  by  the  young 
animal  is,  in  part  at  least,  the  result  of  a  greater  intrinsic  capacity  for 
utilizing  its  feed.  It  has  been  supposed,  in  other  words,  that  the 
actual  physiological  processes  involved  in  the  increase  of  weight  are 
in  the  growing  animal,  by  virtue  of  its  power  of  growth,  performed 
more  economically  than  in  the  mature  animal  and  consequently  that 
a  larger  percentage  of  the  energy  of  the  food  is  stored  in  the  form  of 
gain  in  the  younger  animal. 

It  is  clear  that  the  truth  of  this  supposition  can  not  be  tested  by 
experiments  ui  which  only  the  gain  in  live  weight  is  ascertained  but 
that  it  is  necessary  to  know  also  the  make-up  of  the  increase  or  the 
amount  of  energy  which  it  contains.  One  object  of  the  present 
investigation  was  to  make  comparisons  of  this  sort  upon  the  same 
animals  at  different  ages,  but  this  object  was  only  partially  attained. 

GENERAL  PLAN  OF  INVESTiaATION. 

Two  steer  calves  were  selected  as  the  subjects  of  investigation. 
One  of  these  was  a  purebred  Aberdeen- Angus  of  typical  beef  form, 
while  the  other  was  a  ''scrub"  containing  considerable  Jersey  blood 
and  possessing  the  dairy  rather  than  the  beef  form.  These  animals  were 
about  8i  and  11  months  old,  respectively,  at  the  beginning  of  the 
investigation  in  October,  1904,  and  were  under  nearly  continuous 
observation  for  over  2^  years.  During  this  time,  with  the  exception  of 
certain  of  the  periods  in  which  the  balance  of  matter  and  energy  was 
determined  by  means  of  the  respiration  calorimeter,  they  were  fed  an 
ordinary  growing  ration,  and  while  maintained  in  a  thrifty  condition 
were  at  no  time  fattened.  The  feeding  stuffs  used  were  of  the  same 
kind  for  both  animals  in  all  the  periods,  and  the  different  grains  used 
were  mixed  throughout  in  the  same  proportions  for  each  steer.  The 
live  weights  of  the  animals  were  taken  at  least  once  weekly,  as  well 
as  on  three  consecutive  days  at  the  end  of  each  month,  and  they 
were  systematically  measured  and  photographed  every  three  months. 

At  intervals  during  this  time  the  digestibility  of  the  total  ration 
and  the  Xiitrogen  balance  were  determined  for  each  animal.  It  was 
originally  intended  to  make  these  determinations  once  in  three 
months,  but  this  proved  to  be  impracticable.  In  all,  four  such  trials 
were  made  in  addition  to  those  included  in  the  respiration  calorim- 
eter experiments  mentioned  in  the  next  paragraph,  viz,  in  December, 
1904,  July,  1905,  November,  1905,  and  June,  1906.  On  subsequent 
pages  these  will  be  designated  as  "digestion  and  metabolism  trials.'' 

During  each  of  the  three  winters  covered  by  the  investigation 
four  experiments  were  made  on  each  animal  by  means  of  the  respira- 
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tion  calorimeter  in  order  to  determine  the  percentage  availability  of 
the  energy  of  the  feeds  consumed.  During  the  first  winter,  that  of 
1904-5,  the  feeding  stuffs  used  differed  from  those  employed  during 
the  ordinary  feeding.  In  the  succeeding  two  winters  the  grain  feeds 
used  were  the  same,  only  the  amounts  differing.  The  respiration 
calorimeter  experiments,  of  course,  included  determinations  of  the 
digestibiUty  of  the  rations  and  of  the  nitrogen  balances  of  the  animals. 
They  will  be  designated,  for  the  sake  of  brevity,  as  "calorimeter 
experiments/' 

For  the  convenience  of  the  reader,  the  report  of  the  work  is  divided 
into  three  parts. 

Part  I  consists  of  a  general  account  of  the  investigation,  summariz- 
ing and  discussing  the  principal  results,  but  omitting  the  details  of 
the  respiration  calorimeter  experiments  and  of  the  digestion  and 
metabolism  trials. 

Part  II  records  the  details  of  the  respiration  calorimeter  experi- 
ments and  of  the  digestion  and  metabolism  trials  the  general  results 
of  which  are  discussed  in  Part  I. 

Part  III  contains  the  necessary  information  regarding  the  technic 
of  the  investigation,  this  being  omitted  in  Parts  I  and  II  in  order  to 
avoid  cumbering  the  pages  and  distracting  the  attention  of  the 
reader  from  the  main  line  of  thought. 

After  the  close  of  the  investigation  in  the  spring  of  1907  the  ani- 
mals were  put  on  pasture  during  the  summer,  were  fattened  in  the 
fall,  and  finally  used  for  a  demonstration  in  slaughtering  and  meat 
cutting,  the  weights  of  the  different  cuts  being  recorded. 

GENERAL  CONCLUSIONS. 

The  principal  results  of  the  investigation  outlined  in  the  foregoing 
paragraphs  may  be  briefly  summarized  as  follows: 

The  respiration  calorimeter  experiments  failed  to  show  that  either 
the  type  or  age  of  the  steers  exerted  any  material  influence  upon 
the  percentage  digestibility  of  the  feeding  stuffs  or  upon  the  pro- 
portion of  their  energy  which  was  metabolized.  As  regards  the 
percentage  of  the  metabolizable  energy  which  was  available  either 
for  maintenance  or  for  production,  slight  differences  were  observed 
in  favor  of  the  purebred  steer  and,  in  case  of  the  grain,  of  the  older 
as  compared  with  the  younger  animal,  but  it  is  questionable  whether 
they  were  large  enough  to  be  of  practical  significance. 

On  the  limited  grain  ration  of  the  periods  outside  the  respiration 
calorimeter  experiments,  the  scrub  steer  consumed  relatively  more 
hay  than  did  the  purebred  animal,  made  an  equal  gain  in  live  weight 
per  head,  and  a  materially  greater  one  per  unit  of  weight,  and  con- 
sumed somewhat  less  total  air-dry  feed  per  unit  of  gain. 
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This  apparent  discrepancy  between  the  results  of  the  respiration- 
calorimeter  experiments  and  those  of  the  remainder  of  the  investi- 
gation appears  to  have  been  due  chiefly  to  a  difference  in  the'compo- 
sition  of  the  increase  in  live  weight  in  the  two  animals.  The  nitrogen 
balances  show  a  notably  greater  tendency  toward  a  storage  of  pro- 
tein by  the  scrub  than  by  the  purebred  steer,  while  the  respiration- 
calorimeter  experiments,  on  the  other  hand,  show  a  materially 
greater  gain  of  fat  by  the  latter  than  by  the  former.  In  other  words, 
the  gain  in  weight  by  the  scrub  as  compared  with  that  by  the  pure- 
bred steer  consisted  more  largely  of  protein  with  its  accompanying 
water  and  to  a  smaller  extent  of  fat,  and  therefore  represented  a 
materially  smaller  storage  of  feed  enei^.  A  similar  conclusion  was 
indicated  by  the  results  of  the  block  test.  From  the  data  obtained 
for  the  available  energy  of  the  rations  it  is  estimated  that  a  kilogram 
of  gain  in  live  weight  by  the  purebred  steer  was  equivalent  on  the 
average  to  the  storage  of  40  per  cent  more  enei^y  than  in  the  case 
of  the  scrub. 

The  energy  requirement  of  the  scrub  steer  for  maintenance,  com- 
puted to  the  same  live  weight,  averaged  18.7  per  cent  higher  than 
that  of  the  purebred  steer.  Accordingly,  the  latter  was  able  to 
use  a  relatively  larger  proportion  of  the  total  energy  of  his  ration 
for  the  production  of  gain.  A  distinct  influence  of  age  upon  the 
maintenance  requirement  was  observed  between  the  ages  of  14  and 
39  months,  the  requirement  decreasing  relatively  as  the  animals 
matured. 

In  those  of  the  respiration  calorimeter  experiments  in  which  a 
heavy  grain  ration  was  fed,  it  was  found  that  the  purebred  steer  had 
a  notably  greater  feeding  capacity  than  the  scrub  steer — that  is,  he 
could  be  fed  larger  rations  of  grain,  which  he  utilized  to  the  same 
degree  as  did  the  scrub. 

While,  then,  our  results  fail  to  show  any  material  differences 
between  the  physiological  processes  of  food  utilization  in  the  two 
animals,  they  also  show  clearly  an  economic  superiority  of  the  pure- 
bred over  the  scrub  steer,  due,  first,  to  his  relatively  smaller  main- 
tenance requirement,  and,  second,  to  his  ability  to  consume  a  larger 
surplus  of  feed  above  that  requirement.  Both  these  factors  tend 
to  make  the  actual  production  of  human  food  in  the  form  of  meat 
and  fat  per  unit  of  total  feed  consumed  by  the  animal  notably 
greater  by  the  purebred  animal.  In  these  experiments  this  differ- 
ence was  masked  by  the  inferior  quality  of  the  increase  made  by  the 
scrub  steer,  so  that  on  the  basis  of  live  weight  alone  the  latter  appears 
superior  to  the  purebred  animal. 

Contrary  to  the  conclusions  drawn  by  us  from  earlier  experiments, 
it  was  found  that  the  availability  of  the  energy  of  the  grains  used 


16      INFLUENCE  OP  TYPE  AND  AGE   ON   UTILIZATION  OP  PEED. 

was  substantially  the  same  above  and  below  the  point  of  maJnte- 
nance^  and  that  in  both  cases  the  enei^  values  as  determined  by  the 
respiration  calorimeter  agreed  well  with  those  computed  from  the 
chemical  composition  by  the  use  of  Kellner's  well-known  factors. 
In  the  case  of  the  hay,  on  the  contrary,  the  availability  below  the 
point  of  maintenance  was  considerably  greater  than  the  result  com- 
puted by  means  of  Kellner's  factors  for  the  percentage  utilization 
above  maintenance. 

In  the  case  of  the  purebred  animal  especially,  and  to  a  less  degree 
in  that  of  the  scrub,  rations  containing  less  available  energy  and 
notably  less  digestible  protein  than  the  amounts  caUed  for  by  the 
current  feeding  standards  for  growing  cattle,  produced  entirely 
satisfactory  gains  in  Uve  weight. 
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PABT  I.  OEITESAL  ACCOUirT  OF  TEE  lA  VESTIOATIOV. 

THE  ANIMAIiS. 

Since  one  object  of  the  investigation  was  to  study  the  influence  of 
the  type  of  animal  upon  the  utilization  of  the  feed,  as  complete  a 
description  as  possible  of  the  animals  used  is  essential  to  enable  the 
reader  to  judge  of  the  significance  of  the  results.  The  animals  selected 
were  the  following: 

Steer  A,  Aberdeen- Angus,  Maggie's  Baron  2d,  69524.  Sire,  Bella's  Baron,  46381; 
dam,  Maggie  of  Douglass,  40511.  Dropped  January  16,  1904.  Bred  by  the  Pennsyl- 
vania State  Collie. 

Steer  B,  scrub.  Sire,  probably  a  scrub;  dam,  a  high-grade  Jersey.  Dropped  about 
November  7,  1903.  Bred  by  W.  I.  Thompson,  jr..  State  College,  Pa.  Purchased 
July,  1904. 

As  already  stated,  the  animals  were  photographed  at  intervals  of 
approximately  three  montlis,  a  side,  front,  and  rear  view  being  taken 
in  each  instance.  The  negatives  are  preserved  as  part  of  the  records 
of  the  investigation.  All  these  photographs  were  taken  with  the 
same  lens  and  at  the  same  distance  from  the  subject,  so  that  they 
are  strictly  comparable.  Plates  I,  II,  and  III  contain  reproductions 
of  photographs  taken  on  October  8,  1904,  October  15,  1906,  and 
February  20,  1907,  selected  as  illustrations  of  the  whole  series.  The 
pictures  show  quite  clearly  that  steer  A  (Aberdeen- Angus)  was  of  the 
recognized  beef  form,  while  steer  B  (scrub)  appears  as  distinctly  to 
have  belonged  to  the  dairy  type. 

MEASUREMENTS. 

Measurements  of  the  animals  were  made  montlily.  The  results  are 
recorded  in  Table  I  of  the  appendix,  and  those  relating  to  length 
of  body,  shoulder  height,  chest  girth,  and  thickness  at  paunch  are 
represented  graphically  on  figures  1,  2,  3,  and  4. 

The  method  employed  for  measuring  the  animals  was  imperfect,  and 
for  this  or  other  reasons  it  is  evident  that  the  results  were  not  very 
accurate,  as  is  indicated  by  the  irregularities  of  the  figures.  While 
differences  in  the  thickness  of  the  animal's  coat  and  variations  in  the 
state  of  fatness  may  have  affected  the  results,  they  can  hardly  account 
for  the  considerable  fluctuations  shown.  The  following  general  con- 
clusions, however,  appear  to  be  justified. 
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—The  Purebred  Steer  at  9  Months  Old,  Octobei  8,  1904. 


FiQ.  2.— The  Scrub  Steer  at  11  Months  Old,  October  8,  1904. 


Bui.  128,  BuRuu  ( 


—The  PuHEeHEO  St££H  at  2  Yeahs  a«o  9  Months  Old.  October  15,  1 


FiQ.  2.— The  Scrub  Steer  at  2  Years  and  1 1  Months  Old,  October  15,1 906. 


FiQ.  1.— The  Pubebheo  Srecfi. 


Fm.  2.— The  Schjb  Steeb. 
REAR    VIEW    OF    THE    STEERS    ON    FEBRUARY    20,    1907. 


MEASUBBHENTS  OF  ANIMALS. 
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Lengffk  of  hody. — ^After  the  irr^ularitiea  of  the  first  six  months,  it 
sppeaiB  that  both  animals  gained  in  length  at  a  similar  rate  for  a 
time.  After  about  November,  1905,  however,  the  growth  in  length 
of  steer  A  was  much  less  rapid,  while  that  of  steer  B  continued  at 
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Fig.  1.— Length  of  body  of 


It  monthlf  poiods  Irom  November,  1904,  to  Ua;,  1S07. 


about  the  same  rate  as  heretofore,  so  that  this  animal  finally  ove> 
took  steer  A. 

Shoulder  Tidght. — ^At  the  beginning  of  the  experiment  both  steers 
were  of  about  the  same  height.  Steer  B,  however,  increased  his 
height  much  more  rapidly  than   did  steer  A.     In  both  the  rate  of 


0. 2.— Height  at  shoulder  of 


It  monthly  perioda  from  November,  1904,  to  Uay,  1907. 


increase  appears  to  have  diminished  as  the  animals  grew  older,  but 
this  effect  is  rather  more  marked  with  steer  B  than  with  steer  A. 

Cfhest  girth. — Steer  B  was  inferior  in  chest  girth  to  steer  A,  but  his 
growth  in  this  respect  was  fully  as  rapid  as  that  of  the  latter.    After 
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about  July,  1906,  however,  the  rate  for  steer  B  falls  off  much  more 
rapidly  than  that  for  steer  A. 


■t  (Irtli  o[  eUtn  at  monthlr  ptrlodj  trom  NoremtMr,  It 


It  is  plain  from  these  comparisons  that  the  increase  in  weight  of 
steer  A  was  due  much  more  largely  than  that  of  steer  B  to  an  increase 


Tia.  4.— Tblckneai  U  paunch  of  steen  U  moDlhljr  pulods  from  Konmba,  IBM,  to  iUj,  IBOT. 

in  the  size  of  body,  particularly  in  cross  section.    Steer  B,  on  the 
other  hand,  gained  more  markedly  in  length  and  height. 


IHFLUEMOB  OK  TIPB  AlID  AGE  ON  UTILIZATION  OK  FEBD.      21 

LITE   VEIOHT8. 

.The  live  weights  takea  are  recorded  in  Table  II  of  the  appendix 
and  are  represented  graphically  in  figure  5,  which  shows  the  average 
Uve  weights  at  the  beginning  of  each  month  as  recorded  in  Table  Ila 
of  the  appendix.  A  comparison  of  these  results  shows  that  steer  A 
steadily  increased  in  hve  weight  with  but  partial  interruption  by  the 
calorimeter  experiments.  Steer  B,  on  the  other  hand,  shows  a  per- 
ceptibly slower  rate  of  increase  after  the  first  year,  while  his  growth, 
measured  by  live  weight,  was  much  more  affected  by  the  limited 
rations  of  the  calorimeter  experiments.  A  comparison  of  these  results 
with  those  of  the  measurements  and  with  the  phot<^apha  taken 
shows  that  steer  A  made  his  gains  of  weight  laigd.y  by  increase  in 


Fio.  S.—Llv«  vBl^U  of  lUets,  monCU;,  tram  NoTamber,  19M,  to  Ianuar7, 1908. 

depth  and  width  of  body,  while  the  growth  of  steer  B  was  much 
more  "rangy," 

It  does  not  appear  from  the  foregoing  that  the  introduction  of  a 
period  of  light  or  insufficient  feeding  each  year  permanently  affected 
the  growth  of  the  animals.  It  is  true  that  steer  B  made  little  or  no 
gain  on  the  light  rations  of  the  calorimeter  experiments,  although 
steer  A  still  showed  some  increase.  The  caloiimeter  experiments, 
amounting  in  all  to  about  nine  months,  were  largely  lost  time  so  far 
as  gain  in  weight  was  concerned,  but  with  the  return  to  liberal  rations, 
the  gaui  apparently  proceeded  without  any  serious  check,  while  the 
increase  in  size  of  the  animal  appears  to  hare  been  much  less  affected 
than  the  increase  in  weight. 

On  December  4,  1906,  the  actual  ages  of  the  two  animals  were: 
Steer  A,  34.5  months;  steer  B,  37  months.    The  periods  during 
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which  actual  productive  feeding  was  carried  on,  however,  amounted 
(omitting  the  period  July  4-28,  1906,  in  which  no  gain  was  made) 
to  17.7  months  for  steer  A  and  16.6  months  for  steer  B,*  so  that  what 
we  might  call  their  virtual  ages  and  the  corresponding  live  weights 
at  the  close  of  the  feeding,  were : 

Steer  A,  26.2  months  old;  live  weight,  1,089  pounds. 
Steer  B,  27.5  months  old;  live  weight,  834  pounds. 

The  weight  of  steer  A  was  at  least  fairly  gdbd  for  an  unfattened 
animal  at  that  age. 

After  December  4, 1906,  there  followed  another  experimental  period 
of  low  feeding,  during  which,  however,  steer  A  gained  materially 
(about  73  pounds).  Following  this  the  animals  were  on  pasture  for 
about  six  months,  making  their  weights  and  virtual  ages,  October  28, 
1908: 

Steer  A,  32  months  old;  live  weight,  1,307  pounds. 
Steer  B,  33  months  old;  live  weight,  943  pounds. 

Two  months  later,  January  4,  1908,  they  weighed  after  fattening: 
Steer  A,  1,392  poimds;  steer  B,  1,063  poimds. 

At  most,  the  periods  of  maintenance  and  submaintenance  seem 
only  to  have  rendered  the  rate  of  gain  in  weight  slightly  less  rapid, 
but  not  to  have  prevented  the  final  attainment  of  a  fairly  satisfactory 
weight  nor  the  production  of  a  good  quality  of  beef.  It  is  also  to  be 
noted  that  up  to  the  close  of  the  records  the  animals  were  still  increas- 
ing both  in  weight  and  size,  showing  that  they  had  not  yet  completed 
their  growth  and  indicating  that  the  effect  of  scanty  feeding  is  to 
delay  rather  than  to  diminish  growth.  This  conclusion  is  entirely  in 
harmony  with  the  very  interesting  results  upon  the  growth  of  ani- 
mals under  adverse  conditions  reported  by  Waters.' 

BLOCK  TEST. 

As  previously  noted,  both  the  animals  were  used  for  a  demonstra- 
tion in  slaughtering  and  meat  cutting,  the  work  being  conducted  by 
Mr.  W.  H.  Tomhave.  The  animals  were  killed  on  January  4,  1908. 
Steer  B  was  not  as  well  fattened  as  steer  A,  being  rated  as  **  conMnon," 
while  steer  A  was  graded  as  *' prime."  Table  1  shows  the  total 
dressed  weight  and  the  weights  of  the  several  wholesale  cuts  expressed 
as  percentages  of  the  live  weight  and  of  the  dressed  weight,  respec- 
tively. 

1  Compare  Table  £2,  p.  78. 

s  Sodety  for  the  Promotion  of  Agricultural  Solenoe.    Proceedings,  1908,  pp.  71-96. 
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Table  1. — Weighta  and  percentages  of  wholesale  cuts. 
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Steer  A  (Aberdeen-Angus). 

Steer  B  (scrub). 

« 

Cuts. 

Weight 
of  cuts. 

Live 
weight. 

Dressed 
weight. 

Weight 
olcnts. 

Live 
weight. 

Dressed 
weight. 

Round 

Poundt. 

182.50 

146.25 

83.75 

43.60 

82.00 

249.60 

99.75 

Percent. 

13.06 

10.49 

2.43 

3.12 

5.88 

17.90 

7.15 

Percent. 

21.79 

17.46 

4.03 

5.20 

9.79 

29.79 

11.94 

Pounds. 

130.50 
95.25 
ia25 
2a  00 
59.00 

195.00 
7a  25 

Percent. 

12.25 

8.94 

.96 

L88 

5.53 

18.31 

6.59 

Percent. 
22.60 

Loin 

16.42 

Buet 

1.77 

TlAnV. 

3.46 

Rita 

10.12 

Chuck 

33.62 

Plate 

12.12 

Total 

837.25 

60.05 

loaoG 

58a  25 

54.48 

100.00 

These  results  show  the  considerably  higher  percentage  of  dressed 
weight  in  the  case  of  steer  A  which  is  characteristic  of  the  beef 
animal^  and  likewise  the  predominance  of  the  loin  cut  over  the  less 
valuable  cuts  in  the  f orequarter  in  the  beef  animal  as  compared  with 
the  scrub. 

The  following  comparison  of  the  marketable  meat  of  the  retail 
cuts  likewise  shows  that  the  proportion  of  the  more  valuable  cuts 
was  notably  greater  in  steer  A  than  in  steer  B: 

Table  2. — Marketable  meat  in  retail  cuts. 


Bteer  A  (Aberdeen-Angus). 

Bteer  B  (scrub). 

Cuts. 

Weight. 

Dressed 
weight. 

Market- 
able 
meat. 

Weight 

Dressed 
weight. 

Market- 
able 
meat. 

Round  steak,  nimp,  sirloin  steak,  porter- 
house steak,  and  prime  rlta 

Pmmdi. 
337.00 
424.75 

Percent. 
40.25 
50.74 

PercerU. 
44.24 
35.76 

Pounds. 
222.25 
aOL25 

Percent. 
38.32 
52.14 

Percent, 
42.46 

All  other  cuts 

57.54 

The  evidence  of  the  block  as  well  as  of  scales  and  tape  line  confirms 
that  of  the  eye  in  characterizing  steer  A  as  a  beef  animal  as  contrasted 
with  steer  B. 

THE  BBSPIKATION  CAXOBIHBTEB  EXPEBOCBNTS. 

In  studying  the  records  of  the  animals  just  described  while  under 
experiment  it  will  be  convenient  to  consider  first  the  results  obtained 
in  the  respiration  calorimeter  experiments^  taking  up  subsequently 
the  records  of  the  intermediate  feeding  periods  and  of  the  digestion 
and  metabolism  trials  included  in  them. 


FLAN  OF  BESPIBATION  CALOBIMETEB  EXFEBIMENTS. 

As  stated  in  the  introduction,  the  prime  object  of  the  investigation 
was  to  compare  the  total  metabolism  of  the  two  animals  at  diffdtent 
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ages  when  fed  upon  rations  made  as  nearly  comparable  as  possible 
for  the  purpose,  especially,  of  determining  whether  the  age  or  type  of 
animal  exerted  any  perceptible  influence  upon  the  percentage  avail- 
ability or  percentage  utilization  of  the  energy  of  the  ration,  using 
these  terms  in  the  senses  defined  in  our  previous  publications. 

The  income  and  outgo  of  matter  and  of  energy  was  accordingly 
determined  for  each  animal  by  means  of  the  respiration  calorimeter 
during  January  to  April,  1905,  1906,  and  1907  on  four  different 
rations,  making  24  experiments  in  all.  The  general  plan  for  each 
year  was  the  same,  being  substantially  that  followed  in  the  experi- 
ments upon  the  energy  values  of  red-clover  hay  and  com  meal 
reported  in  a  previous  bulletin.*  In  two  periods  upon  hay  alone 
different  amounts  were  fed,  one  ration  being  intended  to  be  slightly 
and  the  other  considerably  below  the  maintenance  requirement.  A 
comparison  of  these  two  periods  served  to  determine  the  availability 
of  the  enei^  of  the  hay.  In  a  third  period  grain  was  added  to  the 
smaller  of  the  two  hay  rations  in  amoimt  estimated  to  be  nearly 
sufficient  to  reach  the  maintenance  point,  thus  affording  data  for 
computing  the  availability  of  the  energy  of  the  grain.  Finally,  in  a 
fourth  period,  as  heavy  a  grain  ration  as  was  thought  practicable 
was  fed  in  conjunction  with  the  same  amount  of  hay,  so  that  a  com- 
parison of  the  third  and  fourth  periods  would  show  the  percentage 
utilization  of  the  energy  of  the  grain.  As  will  appear  in  the  following 
pages,  the  actual  chronological  order  of  the  experiments  differed  from 
that  just  stated. 

With  a  view  to  securing,  in  addition  to  the  main  results  sought, 
data  as  to  the  energy  values  of  individual  feeding  stuffs,  the  attempt 
was  made  in  the  experiments  of  1905  to  substitute  wheat  bran  for 
the  mixture  of  grains  used  up  to  that  time,  while  timothy  hay  was 
employed  in  place  of  mixed  hay  on  account  of  its  being  a  more 
definite  material.  The  substitution  of  bran  for  the  mixed  grain 
proved  unfortunate  in  some  respects.  The  animals  did  not  appear 
to  relish  it  and  the  amounts  eaten  were  relatively  small,  even  in  the 
periods  of  heaviest  feeding.  It  is  possible  that  these  facts  may  in 
some  degree  account  for  the  irregularity  of  the  results  in  that  year. 

In  the  respiration-calorimeter  experiments  of  the  two  succeeding 
winters,  therefore,  the  attempt  to  determine  the  energy  values  of 
single  grains  was  abandoned  and  the  same  mixture  of  grains  employed 
as  was  used  in  the  intermediate  periods  up  to  April  12,  1906  (com- 
pare p.  60),  viz: 

Parts. 

Wheat  bran 1 

Com  meal 3 

Old  procesB  linseed  meal 3 

1  Bulletin  74,  Bnretn  of  Animal  Industry. 
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Timothy  hay  was  continued  as  the  coarse  feed.  While  this  change 
in  the  grain  disturbs  the  comparison  between  the  three  years  as 
regards  the  influence  of  age,  it  does  not  affect  the  comparison  of  the 
two  animals  with  each  other.    Table  3  shows  the  rations  fed. 

Table  3. — Daily  raUont  in  rupiration  caiarimeter  experimenU. 


Steer  A. 

BtaerB. 

BxpsiUMnt. 

Timothy 
bay. 

Whflftt 
bran. 

Com 

meel. 

Old. 

prooeas 

liDseed 

meal. 

Timothy 
hay 

Wheat 
bran. 

Cora 
meal. 

Old. 

prooeiB 

IliiMed 

meal 

ExperimenU  of  1905. 
PerlodI 

Onme. 
2.260 
2,260 
2,250 
4,000 

8,000 
8,000 
8,00U 
6,000 

8,400 
8,400 
8,400 
6,600 

Omnu, 
1,000 
8,000 

Onmt. 

Onnu. 

Orama. 
2,000 
2,0IX) 
2,000 
8,000 

2,800 
2,800 
2,800 
4,800 

8,200 
8,200 
8,200 
6,800 

Oranu. 
1,200 
2,000 

Oranu. 

Onme. 

Periodll 

Period  m 

Period  IV 

ExperimenU  0/  t90e. 
Period  I 

300 
700 

MO 

3,100 

900 
2,100 

200 
867 

600 
1,072 

eoo 

Periodn 

1,071 

Periodm 

Period  IV 

ExperimenU  of  1907. 
PerlodI 

836 

800 

1,000 
2,400 

1,000 
2,400 

286 
460 

700 
1,860 

TOO 

Periodll 

1,860 

Period  in 

Period  IV 

BELATXTE  PIOESTIVB  POWEB. 

As  stated  in  the  introduction,  differences  in  the  productive  capacity 
of  animals  have  been  somewhat  commonly  ascribed  to  differences  in 
digestive  power.  Do  the  results  of  this  investigation  support  that 
view?  The  term  "digestibility"  has  not  infrequently  been  loosely 
used  as  equivalent  to  the  total  effect  of  the  food  upon  growth,  fatten- 
ing, milk  production,  etc.  In  scientific  usage,  however,  the  concep- 
tion of  digestibility  is,  of  course,  entirely  distinct  from  that  of  nutri- 
tive effect.  The  percentage  digestibility  means  simply  the  propor- 
tion of  the  feeding  stuff  which  the  digestive  organs  of  the  animal  are 
able  to  bring  into  solution  and  transmit  to  the  blood  for  the  various 
uses  of  the  body.  The  nutritive  effect  obtained  depends  upon  how 
good  use  the  tissues  of  the  body  can  make  of  materials  thus  supplied 
to  them  by  the  digestive  organs.  Digestibility  is  commonly  deter- 
mined by  measuring  the  difference  between  feed  and  feces,  the  latter 
being  regarded  as  consisting  of  the  indigestible  portion  of  the  feed. 
While  this  is  not  strictly  true  in  the  case  of  farm  animals  it  is  suffi- 
ciently so  for  many  purposes,  while  the  difference  does  represent  the 
net  contribution  of  the  feed  to  the  nutrition  of  the  body.  In  the 
present  discussion  the  term  ''digested  matter"  is  used  as  equivalent 
to  "feed  minus  feces." 
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In  comparing  the  digestive  powers  of  two  aniinala  it  is  obviously 
necessary  that  they  should  receive  identical  rations,  since  feeds  differ 
among  themselves  in  digestibility.  This  condition  is  strictly  fulfilled 
only  in  those  of  the  calorimeter  experiments  in  which  hay  was  fed 
alone,  and  these  will  be  first  considered. 

DIGESTIBILITY  OF  HAY. 

The  hay  used  was,  as  previously  stated,  nearly  pure  timothy 
{PUeum  pratense).  Analyses  of  duplicate  samples  taken  at  the 
beginning  of  each  season's  experiments  showed  the  dry  matter  of  the 
hay  to  have  had  the  composition  recorded  in  Table  4.  Examination 
of  subsequent  samples  taken  as  the  hay  was  weighed  out  for  feeding 
fully  confirmed  the  accuracy  of  the  sampling. 

Table  4. — Composition  of  timothy  hay^ — water-free. 


Component. 

1905 

1906 

1907 

Ash 

Per  cent. 

A.  97 

5.06 

.S9 

38.  U 

40.61 

2.01 

PercenL 

6.86 

6.73 

.83 

33.02 

61.01 

2.56 

PeretM 
5.01 

Protein< .". 

6.90 

NonDcotein' 

.24 

Grade  fiber 

3L15 

Nitroeen-free  extract 

54.56 

Ether  extract 

2.15 

Total  dry  matter 

100.00 

100.00 

100.00 

Ormntc  matter ...  

05.13 
.801 
.812 

46.849 
6.302 

QOoriea, 
4.4309 

04.14 

1.251 

1.076 

S46.803 

«6.670 

Oaloriei. 
4.5150 

94.99 

Total  nltroeen ,   . r    - 

1.155 

ProteiiL  nltrocen 

1.104 

Carbon 

*46w943 

HTdroeen 

•5. 779 

M^jy*tV^-0»*m  mm 

Enenrr  ver  ffram  * 

Oaloria. 
>4.5063 

*'"*^B*   1"*  o' """     •• 

» 

I  Average  of  two  general  samples. 

<  Computed  from  nitrogen,  using  the  factors  stated  in  Part  III,  page  203. 

*  Average  of  four  samples  weiehod  out  for  the  four  poiods. 

*  The  word  "calorie''  in  this  bulletin  signlftes  in  every  instanoe  the  la^e,  or  kilogram,  calorie. 

As  stated,  two  diflFerent  amounts  of  hay  were  fed  each  year,  one 
being  slightly  below  (in  one  instance  slightly  above)  the  maintenance 
requirement  and  the  other  considerably  below  it.  They  are  desig- 
nated here  for  convenience  as  maintenance  and  submaintenance 
rations  without  implying  that  the  former  was  an  exact  maintenance 
ration.  The  results  of  the  digestion  trials,  which  are  recorded  in 
Part  II  of  this  bulletin,  are  summarized  in  Table  5. 
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Tablb  5. — Perctniage  dtgeUibilUy  o/timotky  hay. 


Cknnpoiieat. 


Snhnmin- 
tenaooe. 


ppotdnil!!!!.*!!!.'!.'!"!!!!!'*.! 

QrndefUMr 

Nltrogea-tree  extract 

Sthoraxtnot 

Total  dry  matter 

Organic  xnattflr 

Total  nitrogen 

Carbon 

Organio  hydrogen 

Energy 

EKperimenU  of  1906, 

Ash 

Protein  1 

Crude  fiber 

Nitrogen-free  ertract 

Ether  extract 

Total  dry  matter 

Organic  matter 

Total  nitrogen 

Carbon 

Organic  hydrogen 

Energy 

ExperimentM  <tf  tWT, 

Aah..: 

Protein  1 

Crode  fiber 

Nitrogen-free  extract 

Ether  extract 

Total  dry  matter 

Organic  matter 

Total  nitrogen 

Oarbon 

Organic  hydrogen 

Energy 


Steer  A. 


PerenU. 
U.6 
23.2 
54.6 
60.0 
44.fi 
64.6 

£5.3 
36.2 
61.4 
6S.6 
60.0 


48.7 
81.8 
54.0 
58.0 
47.6 
54.7 

66.1 
37.0 
53.0 
54.5 
51.8 


30.7 
40.0 
63.1 
67.0 
47.3 
02.6 

63.8 
48.4 
60.5 
62.0 
60.2 


Mainte- 
nance. 


Ptrcmt, 
36.4 
8.5 
50.8 
57.5 
45.1 
51.0 

52.6 
34.8 
40.1 
46.2 
48.6 


43.0 
36.4 
53.1 
57.3 
40.1 
53.1 

53.7 
42.1 
51.0 
53.2 
50.1 


38.4 
45.6 
62.6 
66.5 
48.4 
61.6 

62.0 
40.6 
60.6 
61.7 
68.2 


True 
average. 


Submain- 
teoanoe 


PneaU. 
86.5 
14.4 
52.2 
68.0 
44.0 
62.8 

63.6 
28.3 
40.0 
50.2 
40.5 


46.0 
34.1 
52.8 
67.0 
48.6 
63.7 

54.3 
40.6 
51.7 
53.7 
60.7 


88.0 
43.8 
62.8 
66.1 
48.0 
62.0 

63.2 
40.1 
60.0 
61.8 
68.6 


Steer  B. 


Percent. 
87.7 
10.1 
65.8 
60.0 
46.3 
64.0 

65.6 
20.6 
61.0 
35.0 
40.0 


42.3 
35.3 
68.2 
60.8 
43.4 
66.4 

57.3 
40.0 
54.4 

56.0 
53.6 


37.5 
43.0 
64.1 
65.6 
44.4 
62.0 

63.3 
60.2 
50.8 
02.5 
68.4 


Mainte- 
nance. 


Percent. 
27.8 


64.7 
61.4 
53.1 
56.0 

66.1 
24.8 
52.3 
55.6 
61.6 


42.7 
36.1 
65.7 
68.1 
52.4 
64.0 

66.6 
43.7 
52.1 
52.2 
62.0 


40.1 
44.0 
61.7 
64.0 
60.7 
61.0 

62.2 
48.2 
50.2 
61.7 
67.6 


True 
average. 


Percent. 
31.0 
3.0 
66.1 
60.8 
6a6 
54.0 

65.0 
22.0 
62.2 
56.7 
60.8 


42.5 
35.8 
56.7 
58.8 
40.1 
66.5 

56.3 
42.0 
63.0 
53.6 
62.6 


30.1 
43.6 
62.6 
65.1 
48.4 
61.4 

62.6 
48.0 
50.4 
62.0 
57.0 


1  Nonprotein  assumed  to  be  entirely  digestible.    Computed  from  nitrogen,  using  the  ftujtors  stated  in 
Part  in,  page  303. 

IMFLUmCl  or  AMOUMT  OF  HAT  OOMBUMKD  ON  DIOBSIDIUTT. 

A  comparison  of  the  submaintenance  and  maintenance  periods 
shows  that  the  digestibility  of  the  crude  fiber  was  less  in  every 
instance,  and  that  of  the  nitrogen-free  extract  in  eveiy  case  but 
one  (that  of  steer  B  in  the  experiments  <5f  1905)  upon  the  heavier 
of  the  two  rations.  Since  these  two  ingredients  make  up  the  bulk  of 
the  organic  matter  of  the  hay,  the  percentage  digestibility  foimd  for 
the  organic  matter  and  for  the  total  dry  matter  is  likewise  less  on  the 
heavier  ration,  with  the  exceptibn  noted;  and  the  same  is  also  true 
of  the  total  carbon  and  the  total  energy.  The  differences  are  not 
large,  their  extreme  range  being: 

Percent. 

Crude  fiber 0.5-3.8 

Nitrogen-firee  extract 6-1. 7 

Dry  matter 1. 0-2. 7 

Organic  matter 1. 1-2. 7 

Carbon &-2 . 3 

Eneigy 8-2.3 
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In  some  cases  the  differences  are  decidedly  less  than  the  probable 
experimental  error,  while  in  no  case  are  they  considerable;  but,  never- 
theless, their  general  uniformity  of  direction  seems  to  indicate  dearly 
a  real,  although  sUght,  effect  of  increasing  quantity  in  diminishing 
the  percentage  digestibiUty. 

On  the  other  hand,  in  four  cases  out  of  six  the  digestibility  of  the 
jHTotein  as  here  computed  (i.  e.,  assuming  the  nonprotein  to  be  en- 
tirely digestible)  was  greater  in  the  heavier  ration,  and  the  same  is 
true  of  the  total  nitrogen,  although  the  cases  are  not  identical  with 
those  imder  protein.*  The  ether  extract  in  all  cases  showed  a  higher 
digestibility  in  the  heavier  rations.  The  differences  in  digestibihty 
of  these  ingredients  are  of  about  the  same  order  of  magnitude  as 
those  noted  in  the  previous  paragraph,  except  in  the  case  of  the  ether 
extract  in  the  experiments  of  1907,  where  the  difference  was  decidedly 
greater  with  steer  B.  It  is  not  impossible  that  these  apparent  differ- 
ences in  the  digestibility  of  nitrogenous  materials  and  of  ether  extract 
may  be  due  to  a  relatively  lower  amount  of  metabolic  products  in 
the  feces  from  the  heavier  rations,  while  the  method  here  adopted 
for  computing  the  digestibility  of  the  protein  b  not  free  from  error. 
It  was  not  found  practicable,  however,  in  these  experiments  to  enter 
into  any  of  the  very  interesting  questions  regarding  the  true  as  com- 
pared with  the  apparent  digestibihty  of  these  nutrients. 

OOMPABaON  or  ANIMALS. 

In  making  a  comparison  of  the  digestive  powers  of  the  two  animals, 
the  possible  influence  of  differences  in  the  amount  of  hay  consumed 
must  be  borne  in  mind.  Obviously,  too,  since  the  animals  differed 
in  weight,  this  is  a  question  of  relative  and  not  of  absolute  consump- 
tion. Table  6  shows  the  average  of  the  last  six  weighings  of  each 
animal  in  each  period,  the  actual  consumption  of  dry  matter  per 
head,  and  the  same  calculated  per  500  kilograms  hve  weight,  first  in 
direct  proportion  to  the  weight  and,  second,  in  proportion  to  the  two- 
thirds  power  of  the  hve  weight.  The  latter,  however,  would  appear 
to  be  the  proper  basis  of  comparison,  since  it  may  be  assumed  that 
the  efficiency  of  the  digestive  and  resorptive  organs  would  be  pro- 
portional to  their  internal  surface  rather  than  to  their  cubic  capacity. 

T T      ■__-_  ■ — ^ 

>  The  results  upon  protein  In  the  experiments  of  1905  are  obviously  of  questionable  value. 
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Table  6. — Dry  matter  of  hay  eaten. 


Ezperimonts. 


ExperimertU  of  1906. 

Bubmalntenanoe  (Period  III) 
Maintenance  (Period  IV) 

EtperimerUt  of  1906. 

Submaintenance  (Period  III) 
Maintenanoe  (Period  IV) 

EiperimeiUa  of  1907. 

Bubmaintenance  (Period  III) 
Maintenance  (Period  IV) 


Steer  A. 


Live 
weight. 


Eilot. 
268.8 
277.6 


399.1 
406.6 


sm.z 

614.2 


Dry  matter  of  bay. 


Per 
bead. 


Orami. 
2,001 
8,498 


3,647 
4,425 


2,974 

4,892 


Per  600  kilos. 


W. 


Oramt. 
3,722 
6,294 


8,316 
6,442 


2,931 

4,767 


W|. 


Oranu. 
8,026 
6,172 


8,076 
6,079 


2,946 
4,801 


Steer B. 


Live 
weight. 


Eiloa. 
194.1 
189.6 


296.2 
308.6 


873.7 
oo4. 9 


Dry  matter  of  bay. 


Per 
bead. 


Oravu. 
1,774 
2,610 


2,470 
8,806 


2,796 
4,630 


PerfiOOkiloa. 


W. 


Chranu. 
4,670 
6,884 


4,169 
6,162 


8,744 
6,016 


W|. 


Oranu. 
3,334 
4,980 


8,601 

6,r 


3,91M 
6,618 


From  Table  6  it  appears  that;  with  the  exception  of  the  maintenance 
ration  of  1905,  steer  B  consumed  in  every  case  relatively  more  hay 
than  steer  A,  so  that  any  effect  of  the  quantity  of  hay  consumed 
would  be  to  lower  the  digestibility  by  steer  B.  We  actually  find, 
on  the  contrary,  a  distinct  tendency  toward  a  higher  digestibility  by 
steer  B  in  the  first  two  years.  This  is  true  of  the  total  dry  matter, 
the  organic  matter,  the  crude  fiber,  the  nitrogen-free  extract,  the 
carbon,  and  the  energy,  with  but  a  single  exception  (the  energy  of 
the  submaintenance  ration  in  1905).  The  differences  show  a  range 
very  similar  to  that  observed  in  regard  to  the  influence  of  quantity 
but  are  in  the  opposite  direction,  tiiat  is,  while  in  five  cases  out  of 
six  steer  B  consumed  relatively  more  dry  matter  than  steer  A,  the 
percentage  digestibility  is  greater  on  the  part  of  steer  B.  The  actual 
range  of  the  differences  is: 

Percent. 

Crude  fiber 1 . 2-4. 2 

Nitrogen-free  extract 9-3. 9 

Dry  matter 3-3. 1 

Oiganic  matter 3-3. 6 

Carbon 5-3. 2 

Energy 1. 9-2. 9 

In  the  third  season,  1907,  on  the  contrary,  steer  A  seems  to  have 
overtaken  steer  B  as  regards  digestive  power,  the  differences  being  in 
every  case  slightly  in  favor  of  steer  A,  although  they  are  mostly 
fractions  of  1  per  cent,  the  results  being  practically  identical.  The 
results  upon  total  nitrogen,  protein,  and  ether  extract  are  irregular 
and  lead  to  no  conclusions. 
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nvFLUBvcs  or  aos  or  iimuu. 

The  percentage  digestibility  appears  to  have  increased  from  year 
to  year  in  these  experiments.  A  strict  comparison  is  not  possible, 
however,  since  the  composition  of  the  hay  consumed  was  not  identi- 
cal in  the  three  seasons*  The  hay  of  1905  was  low  in  nitrogen  and 
high  in  crude  fiber  and  had  a  coirespondingly  low  digestibility.  That 
of  1906  was  of  better  quality,  containing  considerably  less  fiber,  and 
shows  a  notably  higher  percentage  digestibility  of  the  total  nitrogen 
and  of  the  protein,  but  only  a  slight  gain  in  that  of  the  crude  fiber 
and  nitrogen-free  extract.  The  hay  of  1907  contained  almost  the 
same  percentage  of  total  nitrogen  as  that  of  the  previous  season  but 
a  larger  proportion  of  true  protein,  and  the  digestibihty  of  the  latter 
again  showed  a  marked  increase.  The  most  striking  difference,  how- 
ever, is  the  notable  increase  in  the  percentage  digestibility  of  the 
nonnitrogenous  ingredients  in  1907  as  compared  with  1906.  This  is 
true  both  of  the  crude  fiber,  the  nitrogen-free  extract,  the  total  car- 
bon, and  the  enei^,  as  well  as  of  the  dry  matter  and  total  organic 
matter.  While  some  of  this  difference  may  be  due  to  the  lower  crude 
fiber  content  of  the  hay,  it  seems  questionable  whether  it  can  all  be 
ascribed  to  this  cause.  The  fibres  at  least  suggest  an  influence  of 
the  age  of  the  animal.  If  such  is  actually  the  explanation,  the 
increase,  as  already  noted,  was  apparently  greater  with  steer  A  than 
with  steer  B,  so  that  the  digestive  powers  of  the  two  animals  appear 
practically  equal  in  the  third  year. 

All  the  differences  just  discussed  are  relatively  small  and  the  experi- 
ments as  a  whole  are  in  accord  with  those  of  numerous  previous 
investigators  in  showing  that  individual  differences  in  digestive  power 
are  of  comparatively  little  significance.  At  any  rate  the  results  as 
regards  the  hay  clearly  fail  to  show  any  superiority  in  this  respect  on 
the  part  of  the  purebred  over  the  scrub  animal,  or  on  the  part  of  the 
young  over  the  more  mature  animal. 

DIGE8TIBILITT  OF  GRAIN. 

• 

In  the  expeiiments  of  1905  wheat  bran  constituted  the  exclusive 
grain  ration.  In  the  other  two  years  the  grain  consisted  of  a  mix- 
ture by  weight  of  1  part  of  bran,  3  of  com  meal,  and  3  of  old  process 
linseed  meal.  In  1905  two  general  samples  of  the  bran  were  taken 
which  agreed  closely  in  composition  with  each  other  and  also  with 
subsequent  samples  taken  in  the  course  of  the  experiments.  In  the 
other  two  years  each  kind  of  grain  was  weighed  out  separately  in  the 
proportions  given  and  the  composition  of  the  mixture  computed, 
check  €Uialyses  on  the  mixture  agreeing  substantially  with  the  com- 
puted composition.  Table  7  shows  the  average  composition  of  the 
grain  used  in  each  season. 


DIGESTIBIUTY  OF  OBAIN. 


31 


Table  7. — Compoeition  of  grain — water-free. 


Component. 

Wheat 
bran, 
1905. 

Mixed 

grata, 

1906. 

Mixed 
grata, 
1907. 

Ash 

Percent. 

7.52 

14.50 

.40 

11.49 

61.88 

4.12 

Percent. 
4.10 
16.97 
3.48 
6.10 
62.80 
6.51 

Peremt, 
4.14 

Protein! 

17.95 

Nonnrotein^ 

2.23 

Crude  fiber 

6.16 

Nitro8on-free  extract 

64.38 

Ether  extract... 

5.15 

100.00 

100.00 

100.00 

Orifftnlo  ntattflT, - 

92.48 
2.648 
2.544 

46.392 
6.768 

Caloriee. 
4.5318 

95.90 
8.743 
3.013 

46.860 
6.965 

Caloriet. 
4.6904 

05.86 

Total  nltroeen 

3.658 

Protein  nttroiren ,..,,,._,,,, , ..,.,. 

3.185 

Carbon 

46.057 

Hydrosen 

6.082 

Enerey  per  erazn 

OsloHef. 

4.6606 

I  Computed  from  nitrogen,  naing  factors  stated  in  Part  III,  page  203. 

The  digestibility  of  the  grain  must,  of  course,  be  estimated  from 
t^at  of  the  total  ration  by  subtracting  the  amount  computed  to  have 
been  digested  from  the  hay,  and  for  well-known  reasons  the  results 
of  such  a  computation  are  subject  to  n»t  inconsiderable  errors.  The 
first  question  which  arises  is  what  digestibility  should  be  assumed  for 
the  hay  in  these  experiments.  On  the  one  hand  the  hay  portion  of 
the  mixed  ration  was  substantially  the  same  in  amount  as  the  hay 
fed  in  the  submaintenance  periods,  so  that  it  may  seem  that  the  coefii- 
cients  obtained  in  those  periods  should  be  used.  On  the  other  hand, 
however,  a  considerable  amount  of  grain  was  fed  with  the  hay,  so  that 
the  total  amount  of  dry  matter  consumed  was  even  greater  than  in 
the  maintenance  periods  on  hay.  The  matter  is  largely  one  of  arbi- 
trary choice,  but  fortunately  the  differences  are  not  large.  The 
experiments  have  been  computed  by  the  use  of  what  may  be  called 
the  true  average  digestibility.  The  amounts  of  each  ingredient 
digested  in  the  two  experiments  with  the  hay  alone  have  been  added 
and  compared  with  the  total  amount  of  the  same  ingredient  con- 
sumed, thus  giving  more  weight  to  the  maintenance  than  to  the 
submaintenance  periods.  These  averages  are  the  ones  recorded  in 
Table  5,  page  27.  Two  amounts  of  grain  were  fed  each  year  along 
with  practically  the  same  quantity  of  hay.  The  detailed  figures  are 
given  in  Part  II  of  this  bulletin  and  the  results  as  to  percentage 
digestibility  summarized  in  Table  8.  For  the  sake  of  comparison 
there  has  been  included  in  the  table  the  percentage  digestibility  of  the 
total  crude  fiber  plus  nitrogen-free  extract,  i.  e.,  of  the  total  nonnitrog- 
enous  organic  matter  other  than  ether  extract. 
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Tablb  S.—Percentoffe  diffestibUUy  of  grain. 


Components. 


KiperimetUs  of  1906—  Wheat  bran. 

Ash 

Protein  1 

Crude  fiber 

Nitrogen-free  extract 

Ether  eztnct 

Total  dry  matter 

Crude  flber+nitrogen-dree  extract 

Organic  matter 

Total  nitrogen 

Carbon 

Organic  hydrogen 

Energy 

Esperimentt  cf  1906—  Mixed  ffrain. 

Aah 

Protein  1 

Crude  fiber 

Nitrogen-free  extract 

Ether  extract 

Total  dry  matter 

Crude  fiber+ nitrogen-free  extract 

Organic  matter 

Total  nitrogen 

Carbon 

Organic  hydrogen 

Energy 

Bxperimentt  of  1907—  Mhed  grain 

Aah 

Protein  1 

Crude  fiber 

Nitrogen-free  extract 

Ether  extract 

Total  dry  matter 

Crude  fiber + nitrogen-free  extract 

Organic  matter 

Total  nitrogen 

Carbon 

Organic  hydrogen 

Energy 


Steer  A. 


-ight 
ktion. 


Light 
rat 


Percent, 
44.3 
72.2 
2.9 
74.1 
82.3 
64.9 

63.6 
66.6 
74.7 
6&7 
79.2 
67.3 


Heavy 
ration. 


' 


34.0 
7&9 
70.9 
90.6 
104.1 
85.6 

88.8 
88.3 
84.7 
86.4 
►  92.9 
87.0 


27.9 
73.9 
11.3 
87.4 
97.6 
78.4 

80.6 
80.6 
79.1 
78.7 
81.2 
79.6 


Percent 
53.6 
73.2 
217 
74.4 
81.0 
67.2 

66.4 
6&3 
75.9 
68.3 
73.1 
67.6 


89.1 
66.2 
-  7.3 
87.8 
05.0 
77.1 

79.2 
78.7 
76.6 
78.9 
77.0 
77.6 


29.4 
73.0 
-  7.2 
87.6 
92.1 
77.2 

79.8 
79.3 
78.7 
77.9 
79.2 
78.3 


Average. 


Percent. 
49.0 
717 
12.8 
74.3 
86.7 
66.1 

65.0 
67.4 
7&3 
68.5 
76.2 
67.6 


81.6 
72.6 
81.8 
80.2 
09.6 
81.4 

84.0 
83.5 
80.2 
81.7 
85.0 
82.3 


28.7 
73.4 
2.1 
87.5 
94.8 
77.8 

80.0 
80.0 
78.9 
78.3 
8a2 
78.9 


SteorB. 


Light 
lanon. 


Percent. 
20.8 
76.9 
11.0 
75.0 
7a9 
64.9 

66l3 

67.7 
78l7 
09.2 
71.0 
67.8 


8a7 
8L2 
88.9 
91.7 
108.3 
85.3 

86.9 
87.6 
86.2 
86.6 
09.2 
86w4 


ia9 

81.7 
-13.9 
84.5 
89.7 
7&2 

73.8 
78.0 
85.0 
75.9 
76.0 
76.3 


Heavy 
rfttloii. 


Percent. 
44.7 
85.8 
12.9 
77.0 
77.0 
68.1 

67.8 
7a  1 
81.5 
7a8 
72.8 
7a  4 


aao 

71.0 
-56.9 
89.0 
09. 9 
75.5 

75.8 
77.4 
7a  3 
76.8 
77.8 
77.8 


aas 

78.8 
17.6 
91.1 
91.6 
82.3 

84.6 
84.8 
83.4 
83.4 
85.2 
83.1 


Avenge. 


PereenL 
32.5 
8L4 
12.0 
7a  0 
74.0 
6&5 

oao 

68.9 

8ai 
7ao 

71.9 

6ai 


8a4 

7ao 

-ao 

9a4 

104.1 
80.4 

81.3 
82.5 
82.8 
81.7 
8&5 
81.9 


23.7 

sas 

L9 
87.8 
90.6 
78.8 

8a2 
81.2 
84.2 
7a6 
80.6 
7a  7 


1  Nonprotein  assumed  to  be  entirely  digestible.    Computed  from  nitrogen,  using  fftotors  stated  in  Part 
m,  page  203. 

The  negative  coefficients  for  crude  fiber  shown  in  the  foregoing 
table  are  familiar  results  of  such  computations  of  the  digestibiUty  of 
a  grain  ration  and,  of  course,  are  to  be  interpreted  as  indicating  that 
the  grain  diminished  the  digestibility  of  the  crude  fiber  of  the  hay. 
These  effects,  even  if  small  in  themselves,  when  calculated  upon  the 
small  absolute  amount  of  crude  fiber  in  the  grain  become  relatively 
great.  The  results  show  the  usual  irregularities  in  the  case  of  those 
ingredients  which  are  present  in  relatively  small  amount  and  whose 
digestibility  is  most  affected  by  the  presence  of  metabolic  products  in 
the  feces,  viz,  the  ether  extract  and  the  protein. 

lOTLUZNCE  or  AMOUNT  OF  OKAIN  CONSUMZD  ON  nOlSHBILlTT. 

The  two  following  tables  show  the  amount  of  dry  matter  contained 
in  the  total  ration  (grain  plus  hay)  and  in  the  grain  consumed  in  each 
period  per  head  and  per  500  kilograms  live  weight  computed  as  in  the 
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case  of  the  hay  m  Table  6.  It  will  be  seen  that  the  total  consumption 
on  the  light  ration,  wh^n  computed  in  proportion  to  the  surface  of 
the  animal,  was  very  uniform.  The  additional  amount  consumed  on 
the  heavy  ration  ranged  from  about  22  to  34  per  cent,  except  in  the 
case  of  steer  A  in  the  last  two  experiments,  where  it  rose  to  over 
50  per  cent. 

Table  9. — Dry  matter  of  total  ration  (hay  and  grain)  eaten. 


Ration. 


Experimenta  of  t90S—Bran. 

Li^t  ration  (Period  I) 

Heavy  ration  (Period  II) 

EtperimerUa  <tf  t906—Mhtd  grain. 

Light  ration  (Period  I) 

Heavy  ration  (Period  ll) 

EtperimenU  cf  1907—  Mixed  grain. 

Light  ration  (Period  I) 

Heavy  ration  (Period  iI) 


Steer  A. 


Live 
weight. 


JOlot. 

270.7 
279.1 


404.0 
420.7 


4dS.6 
61&7 


Dry  matter  of  ration. 


Per 
head. 


Chranu. 
3,348 
4,579 


4,400 
6,804 


4,031 
7,708 


PerSOOkikM. 


W. 


Oramt. 
6,184 
8,204 


5,446 

8,085 


4,945 
7,430 


W|. 


Oramt. 
6,040 
6,768 


5,073 
7,634 


4,941 
7,521 


StwrB. 


Live 

weight. 


JTitot. 

198.6 
196.9 


298.0 
309.6 


372.6 
386.4 


Dry  matter  of  ration. 


Per 
head. 


Ora'nu. 
2,803 
3,582 


3,628 
4,583 


4,157 
5,451 


PerSOOklloB. 


W. 


Oram*. 
7,057 
9,098 


6,067 
7,402 


5,671 
7,054 


W|. 


CMms. 
5,188 

6   AAA 
,000 


5,128 
6,306 


5,055 
6,471 


Table  10. — Dry  matter  of  grain  eaten. 


Ration. 


SxperimeiUt  nf  lSO&—Bran. 

LIghtrtitlon  (Period  I) 

Heavy  ration  (Period  II) 

EtperimenU  cf  1906—  Wxed  grain. 

Light  ration  (Period  I) 

Heavy  ration  ( Period  II) 

Experimentt  o/ 1907—  Mixed  grain. 

Light  ration  (Period  I). 

Heavy  ration  (Period  II) 


Steer  A. 


Per  head. 


Orams. 
1,370.2 
2,583.2 


1,792.0 
4,172.9 


1,996.2 
4,759.0 


Par  500  kilos. 


W. 


Oram9. 
2,631 
4,628 


2,218 
4,950 


2,003 
4,588 


WJ. 


Oramt. 
2,066 
3,816 


2,066 
4|682 


2,001 
4,644 


Steer  B. 


Per  head. 


Orame. 
1,032.6 
1,802.6 


1,194.7 
2,129.0 


1,397.8 
2,676.9 


Per  500  kilos. 


W. 


Orama. 
2,600 
4,578 


2,005 
8,430 


1,876 
3,404 


W|. 


Oramt. 
1,911 
3,356 


1,687 
2,930 


1,700 
8,178 


The  digestibility  of  the  bran  is  seen  to  be  greater  on  the  heavier 
ration,  with  the  exception  of  the  ether  extract,  total  carbon,  and 
organic  hydrogen  in  the  case  of  steer  A.  The  differences,  however, 
are  small  and  probably  within  the  range  of  error  of  such  experiments. 

With  the  mixed  grain  fed  in  1906  and  1907  the  results  are  contra- 
dictory. In  the  first  year  the  digestibiUty  appears  to  have  been 
decidedly  less  on  the  heavier  ration,  while  in  1907,  on  the  other  hand, 
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very  little  difference  is  noted  in  the  case  of  steer  A,  and  in  the  case  of 
steer  B  a  notably  higher  digestibility  is  shown  for  the  heavier  ration. 
There  is  no  apparent  error  in  the  determination  of  the  digestibility  of 
the  total  ration,  but  it  is  not  easy  to  form  a  judgment  as  to  the  range  of 
possible  error  in  the  computation  of  the  digestibility  of  the  grain  from 
that  of  the  total  ration.  The  figures  for  the  digestibility  of  the  light 
ration  in  1906  seem  abnormally  high  as  compared  with  the  average 
digestion  coefficients  of  these  feeding  stuffs,  from  which  an  average 
percent agOF' digestibility  of  about  81  for  the  total  dry  matter  of  the 
mixed  grain  may  be  computed.  On  the  whole,  the  safest  course 
seems  to  be  to  consider  that  the  average  of  the  coefficients  for  the 
light  and  heavy  rations  represents  approximately  the  actual  xligesti- 
bility  of  the  grain. 

OOMTABISOir  or  AMIICALS. 

If  we  are  justified  in  assuming,  as  just  suggested,  that  the  average 
figures  for  the  two  periods  represent  the  true  digestibility  of  the 
grain,  very  little  difference  appears  between  the  two  animals  in  this 
respect  either  in  the  case  of  the  mixed  grain  or  of  the  bran.  If 
anything,  the  tendency  is  toward  a  slightly  higher  digestibility  by 
steer  B,  but  all  the  differences  are  much  less  than  those  found  between 
the  light  and  heavy  rations. 

INTLUKKCS  Or'AQK  OF  AKOtAlA, 

No  comparison  in  this  respect  is  possible  between  the  experiments 
of  the  first  year  and  those  of  the  succeeding  two,  since  the  feed  was 
different.  The  digestibihty  in  the  experiments  of  1907  was,  on  the 
average,  less  than  that  found  in  the  experiments  of  1906,  although 
again  the  differences  are  smaller  than  those  found  between  the  light 
and  heavy  rations.  If  we  are  justified  in  suspecting  that  the  results 
obtained  for  the  light  ration  in  the  experiments  of  1906  are  too  high, 
the  difference  between  the  two  animals  in  the  two  years  becomes 
insignificant. 

PEBOENTAQE  OF  ENEBOY  METABOLIZABLE. 

By  metabolizable  energy  is  understood  that  portion  of  the  total 
potential  energy  of  the  feed  which  is  capable  of  conversion  into  kinetic 
energy  in  the  body.  Expressed  in  another  way,  it  is  the  total  poten- 
tial energy  of  the  feed  minus  the  potential  energy  of  the  excreta, 
the  latter  including  the  feces,  urine,  and  methane' or  other  combustible 
gases.  The  determination  of  the  percentage  of  the  feed  energy 
metabolized  is  precisely  similar  to  the  determination  of  the  digesti- 
bility of  the  feed  in  being  a  determination  by  difference,  the  only 
distinction  in  this  respect  being  that  in  the  one  case  only  one  excre- 
tum  (the  feces)  is  taken  account  of,  while  in  the  other  all  the  excreta 
are  considered.  The  percentage  of  energy  metabolizable  may  be 
computed  either  upon  the  total  potential  enei^  of  the  feed  or  upon 
the  potential  energy  of  the  digested  matter,  the  latter  method  of 
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expression  haYing  the  advantage  for  some  purposes  of  eliminating 
the  effect  of  variations  in  digestibility.  The  results  for  metabolizable 
ene^yare  given  in  detail  in  Part  II  of  this  bulletin  and  are  sunmiar- 
ized  here.  As  in  the  case  of  the  determination  of  digestibility,  it  is 
necessary  to  consider  first  the  results  upon  the  hay,  and  with  these 
as  a  basis  to  compute  the  corresponding  results  for  the  grain. 


TDfOTHT  HAT. 


The  percentage  losses  of  potential  energy  in  the  feces  are  of 
course  the  complements  of  the  percentage  digestibility  as  already 
given.  The  percentage  losses  in  the  urine  and  methane  and  the  per- 
centage of  energy  metabolizable  are  shown  in  Table  11. 

Tablb  11. — Percentage  loues  and  percentages  of  energy  metabolizable — Timothy  hay. 


Per  cent  of  total  energy. 

Percent  of  "digested  "  eneigy. 

Submabi' 
tenanoe. 

Mafntfv 
nanoe. 

True 
average. 

Submain- 
tenanoe. 

Malnt^ 

True 
average. 

Pgreeniage  ZoMet  of  energy  in  urine. 

Experiments  of  1906: 

Steer  A 

Percent. 
3.64 
3.20 

Percent. 
2.86 
2.79 

Percent. 
3.14 
2.95 

Percent. 
7.15 
6.42 

Percent. 
6.88 
5.42 

Percent 
6.35 

Steer  B 

5.81 

A  vencrBs  •••.....•.•••.•.•.••..•.•••• 

3.42 

2.83 

3.06 

6.79 

5.65 

6.06 

Experiments  of  1906: 

Steer  A 

3.44 
3.72 

3.40 
3.70 

3.42 
3.71 

6.64 
6.94 

6.74 
7.12 

6.74 

Steer  B 

7.06 

Averaee 

3.68 

3.55 

3.57 

6.79 

6.93 

6.90 

Experiments  of  1907: 

Steer  A 

4.62 
4.97 

4.40 
4.61 

4.45 
4.74 

7.64 
8.51 

7.56 
S.01 

7.60 

Steer  B 

8.19 

Averaee 

4.75 

4.51 

4.60 

8.08 

7.79 

7.90 

Percentage  louee  of  energy  in  methane. 

Experiments  of  1906: 

Steer  A 

6.87 
7.76 

6.75 
6.78 

6.80 
7.17 

13.49 
15.56 

13.88 
13.17 

13.74 

Steer  B 

14.12 

Avenge 

7.32 

6.77 

6.99 

14.68 

13.53 

13.93 

Experiments  of  1906  (computed  from  di- 
gested earbohydiates): 
Steer  A 

6.97 
7.24 

6.68 
6.92 

6.78 
7.04 

13.46 
13.51 

13.34 
13.30 

13.38 

Steer  B 

13.38 

ATersee 

7.11 

6.80 

6.91 

13.49 

13.32 

13.38 

Experiments  of  1907: 

Steer  A 

8.17 
8.38 

7.90 
7.84 

&00 
8.04 

13.81 
14.34 

13.57 
13.61 

13.65 

Steer  B 

13.80 

Aversge. 

8.28 

7.87 

&02 

14.08 

13.50 

13.77 

Percentage  of  energy  metaboiUable. 

Experiments  of  1906: 

Steer  A« 

40.43 
38.92 

39.01 
41.88 

39.52 
40.70 

79.36 
78.02 

80.24 
81.41 

79.91 

Steer  B 

80.07 

Avenge. . .  r 

39.68 

40.45 

40.11 

78.09 

80.83 

79.99 

Expettaneots  of  1906: 

Steer  A 

41.37 
42.66 

40.01 
41.38 

40.52 
41.88 

79.90 
79.55 

79.87 
79.58 

79.88 

Steer  B 

79.57 

42.01 

40.70 

41.20 

79.73 

79.73 

1         79  73 

Steer  A 

46.49 
46.07 

45.93 
46.13 

46.14 
45.11 

78.55 
77.15 

78.87 
78.38 

78.75 

Steer  B..X 

1         77  92 

1 

Avenge 

4&78 

45.53 

45.63 

77.85 

78.63 

78.34 
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In  consequence  of  the  rdatively  smaller  losses  in  the  feces  (i.  e., 
the  greater  digestibility)  observed  in  1907,  the  percentage  of  the 
total  energy  of  the  hay  which  was  metabolizable  was  higher  than 
in  the  two  previous  years,  the  average  percentages  for  both  animals 
being: 

Percentage  of  total  energy  metabolizable. 

Peroent 

Experiment  of  1905 40. 11 

Experiment  of  1906 41. 20 

Experiment  of  1907 45. 63 

When  the  influence  of  varying  digestibility  is  eliminated  by  com- 
puting the  percentage  of  ''digested"  energy  metabolizable,  this 
difference  practically  disappears,  the  results  being: 

Percentage  of  ** digested^*  energy  Tnetabolizable. 

Percent 

Experiment  of  1905 79. 99 

Experiment  of  1906 79.  73 

Experiment  of  1907 78. 34 

Computed  in  this  way,  the  percentage  of  the  ''digested"  energy 
which  was  metabolizable  shows  a  slight  decrease  from  year  to  year 
which  is  chiefly  due  to  an  increasing  percentage  loss  in  the  urine. 
The  latter,  however,  may  be  plausibly  accounted  for  by  the  greater 
richness  of  the  hay  in  protein,  especially  in  1907.  If  this  explana- 
tion be  accepted,  the  experiments  fail  to  give  any  indication  of  an 
influence  of  the  age  of  the  animal  upon  the  percentage  of  energy 
metabolizable. 

But  very  little  difference  is  apparent  between  the  two  animals  as 
respects  the  percentage  of  energy  metabolizable.  Averaging  the 
results  on  the  two  animals  for  the  three  years  we  have  the  following: 

Table  12. — Percentage  of  energy  of  timothy  hay  metabolizable — Average  of  3  years. 


Submaln- 
tenanoe 
ration. 

Mainta- 
retion. 

A^vBfage. 

Total  energy: 

Steer  A 

Percent. 
42.76 
42.21 

79.27 
78.24 

Percent. 
41.66 
42.80 

79.66 
79.79 

Percent, 
42.06 

steer  B 

42.56 

*'  Digested  "  ennrgy: 

Steer  A 

79.51 

Steer  B 

79.19 

Neither  does  the  amount  of  hay  consumed  appear  to  hiive  had 
any  material  influence,  except  possibly  in  the  case  of  steer  B,  where 
a  slightly  greater  loss  both  in  the  urine  and  the  methane  is  recorded 
in  the  submaintenance  periods.  The  differences,  however,  hardly 
seem  significant. 


ORADf. 


The  data  for  the  grain,  as  already  noted,  must  be  computed  by 
difference  and  therefore  are  subject,  like  the  results  of  a  digestion 
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experiment;  to  relatively  large  errors.  The  percentage  losses  in 
urine  and  methane  and  the  percentages  of  energy  metabolizable  are 
summarized  in  Table  13. 

Table  13. — Percentage  losses  and  percentages  of  energy  metabolizable— €frain. 


Per  cent  of  total  energy. 

Percent  of  "digested'' 
energy. 

Submain- 
tenanoe. 

Mainte- 
nance. 

Average. 

Submain- 
tenance. 

Mainte- 
nance. 

Average. 

Percentage  lossen  of  energy  in  urine. 

Experiments  of  1905— Bran: 

Steer  A 

Percent* 
6.06 
5.62 

Percent, 
4.90 
6.04 

Percent. 
4.98 

6.78 

Per  cent. 
7.61 
8.14 

Percent. 
7.25 
8.57 

Percent. 
7.38 

Steer  B 

8.36 

Average 

5.29 

5.47 

5.38 

7.83 

7.91 

7.87 

Experiments  of  1906— Ifixed  grain: 

Steer  A 

7. 62 
8.19 

6.13 
6.86 

6.88 
7.53 

8.76 
9.48 

7.90 
8.89 

8.33 

Ste«tf  B 

9.19 

A  vera§}B. 

7.91 

6.50 

7.21 

9.12 

8.40 

8.76 

Experiments  of  1907— Mixed  grain: 

Steer  A :. 

6.78 
7.79 

6.28 
7.53 

6.53 
7.66 

8.62 
10.21 

8.02 
9.06 

8.27 

Steer  B 

9.64 

Average 

7.29 

6.91 

7.10 

9.37 

8.54 

8.96 

PerceiUag€  Um€»  ^  energy  in  melksn* 

Experiments  of  190&«-Bran: 

Steer  A 

8.04 
7.18 

6.93 
7.56 

7.49 
7.37 

11.94 
10.68 

10.25 
10.73 

11.10 

Steer  B 

10.66 

Average 

7.61 

7.25 

7.43 

11.26 

10.40 

10.88 

Experiments  of  1906— Mixed  grain:  i 

St^rA :. 

8.30 
8.11 

7.63 
7.30 

7.97 
7.71 

9.54 
9.38 

9.83 
9.44 

9.60 

Steer  B 

9.41 

Average... .......................... 

8.21 

7.47 

7.84 

9.46 

9.64 

9.55 

Experiments  of  1907— Mixod  grain: 

Steer  A 

&52 
9.42 

7.29 
8.72 

7.91 
9.07 

10.70 
12.35 

9.31 
10.48 

10.01 

Steer  B 

11.42 

Average....... 

8.97 

8.01 

8.49 

11.53 

9.90 

10.72 

Percentage  of  energg  metdboiixabie. 

Experiments  of  1905— Bran: 

Steer  A 

54.24 
55.13 

56.77 
56.85 

55.01 
55.99 

80.56 
81.24 

82.50 
80.70 

81.53 

Steer  B 

80.97 

Average 

54.69 

56.31 

65.50 

80.90 

81.60 

81.25 

Experiments  of  1906— Mixed  grain: 

Steer  A 

71.08 
70.10 

63.86 
63.18 

67.47 
66.64 

81.70 
81.14 

82.27 
81.67 

81.90 

Steer  B...: 

81.41 

AveraeB 

70.59 

63.52 

67.06 

81.42 

81.97 

81.70 

Experiments  of  1907— Mixed  grain: 

Steer  A 7. 

64.28 
69.08 

64.70 
66.88 

64.49 
62.98 

80.78 
77.44 

82.67 
80.46 

81.73 

Steer  B 

78.95 

Average.... ......................... 

61.68 

65.79 

63.74 

79.11 

81.67 

80.34 

1  Computed  ftom  digested  carbohydrates. 


The  greater  digestibility  of  the  mixed  grain  used  in  the  second 
and  third  years  as  compared  with  that  of  the  bran  fed  during  the 
first  year  of  course  raises  the  percentage  of  the  total  eneigy  metabo- 
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lizable  in  the  two  latter  years,  the  average  results  for  the  two  ani- 
mals being: 

Percentage  of  total  energy  metabolizable. 

Percent. 

Experiment  of  1905  (wheat  bran) 55. 60 

Experiment  of  1906  (mixed  grain) 67. 06 

Experiment  of  1907  (mixed  grain) 63. 74 

As  between  the  second  and  third  years,  the  lower  digestibility  of 
the  grain  observed  in  1907,  of  course,  lowers  correspondingly  the 
percentage  of  the  total  energy  metabolized.  When,  however,  we 
eliminate  the  influence  of  the  digestibihty,  by  computing  the  results 
upon  the  '* digested"  energy,  we  obtain  almost  uniform  results  for 
the  three  years.  The  slightly  lower  figure  for  the  last  year  is  due, 
as  in  the  case  of  the  hay,  to  a  slightly  greater  relative  loss  in  the  urine. 

Percentage  of  **  digested**  energy  metaboliiahle. 

Percent. 

Experiment  of  1905  (wheat  bran) 81. 25 

Experiment  of  1906  (mixed  grain) 81.  70 

Experiment  of  1907  (mixed  grain) 80. 34 

The  percentage  of  ''digested"  energy  metabolizable  appears  to 
have  been  slightly  greater  on  the  heavy  than  on  the  light  ration,  the 
difference  being  due  to  somewhat  smaller  losses  in  the  methane. 
It  is  questionable,  however,  whether  any  of  these  differences  are 
sufficiently  large  to  be  significant. 

On  the  average  of  the  results  of  all  three  years,  disregarding  the 
differences  of  feed  in  the  first  year,  steer  A  shows  a  slight  superiority 
over  steer  B  in  the  percentage  of  energy  metabolizable.  This  differ- 
ence is  largely  due,  however,  to  the  comparatively  low  result  obtained 
for  steer  B  on  the  light  ration  of  1907.  Except  for  this,  the  differ- 
ences are  very  small  and  doubtless  within  the  limits  of  error. 

Table  14. — Percentage  of  energy  of  grain  metaholizahle — Average  ofS  yean. 


Lieht 
ration. 

Heavy 
ration. 

Averfege. 

Total  energy: 

Steer  A 

Percent 
63.20 
61.44 

81.01 
79.94 

Percent. 
61.44 
63.90 

82.48 
80.94 

Percent. 
62.33 

Steer  B 

61.87 

"  Digested  "  energy: 

Steer  A 

81.75 

steer  B t.. 

80.44 

On  the  whole,  the  results  for  metabolizable  energy  agree  closely 
with  those  obtained  regarding  the  digestibility  of  the  feed  and  fail 
to  indicate  with  certainty  any  effect  of  age  or  of  individuality  upon 
either.  This  is  quite  what  would  have  been  expected  and,  so  far  as 
digestibility  is  concerned,  is  in  accord  with  the  results  of  other  investi- 
gators. The  process  of  digestion  might  be  called,  in  a  broad  way,  a 
chemical  process.    In  healthy  animals  under  normal  conditions  and 
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after  they  have  passed  the  stage  of  extreme  youth,  we  may  assume 
that  the  digestive  enzyms  are  secreted  in  quantity  sufficient  to  secure 
complete  action  upon  all  the  food  ingredients  consumed,  unless  these 
are  taken  in  excessive  quantities.  Furthermore,  it  may  be  assumed 
that  by  the  time  cattle  have  reached  the  age  of  8  or  10  months 
a  normal  bacteriological  flora  has  been  established  in  the  digestive 
tract.  Under  these  conditions  digestion  may  be  said  to  be  a  chemical 
and  bacteriological  rather  than  a  physiological  process.  It  is  a  sort 
of  incubation  of  materials  which  have  not  yet,  strictly  speaking, 
entered  into  the  substance  of  the  body  at  all.  Under  such  condi- 
tions there  is  little  scope  for  any  effect  of  age  or  of  individuality. 

AVAiLABiLrrr  of  metabolizable  enebgt. 

The  metabolizable  energy  of  a  feeding  stuff  is  that  portion  of  its 
total  potential  energy  which  is  capable  of  conversion  into  the  kinetic 
form  in  the  body.  It  corresponds  to  the  conception  of  ''Physiolo- 
gischer  Warmewert,"  or  ''Physiologischer  Nutzeffekt,"  introduced 
by  Rubner*  in  connection  with  his  experiments  upon  the  replace- 
ment values  of  nutrients,  or  to  the  fuel  values  of  Atwater.*  Upon  the 
results  of  these  earUer  experiments  Rubner  based  his  celebrated  law 
of  isodjmamic  replacement.  This  law  is  in  effect  that,  when  fed  in 
limited  quantities,  the  several  nutrients  may  be  substituted  as  sources 
of  energy  for  body  substances  previously  katabolized,  or  may  replace 
each  other,  in  amounts  inversely  proportional  to  their  physiological 
heat  values,  or  metabolizable  energy.  The  validity  of  this  law  was 
generally  accepted  and  not  only  were  the  relative  values  of  single 
nutrients  and  of  human  dietaries  estimated  upon  the  basis  of  their 
metabolizable  energy,  but  it  was  attempted  also  to  apply  Rubner's 
factors  to  the  digestible  protein,  carbohydrates,  and  fats,  so-called, 
of  stock  feeds  and  extensive  tables  of  the  fuel  values  of  the  latter 
computed  in  this  way  have  been  published.  Moreover,  there  was  a 
natural  tendency  to  overlook  the  limitation  which  Rubner  set  to  his 
law  and  to  apply  it  to  productive  as  well  as  to  maintenance  rations. 

It  has  been  clearly  demonstrated,  however,  that  only  under  special 
conditions  is  the  metabolizable  energy,  or  fuel  value,  of  a  nutrient  or 
feeding  stuff  the  measure  of  its  value  to  the  organism.  This  was 
shown  clearly  by  the  early  experiments  of  Zuntz  and  his  associates, 
which  antedate  Rubner's  results,  while  later  investigations  have  fully 
confirmed  the  earlier  ones,  the  difference  being  especially  marked  in  the 
case  of  herbivorous  animals.  Zuntz  and  Hagemann  *  have  demon- 
strated that  this  i3  the  case  with  the  horse,  especially  upon  the  coarse 

1  Zeitschilft  mc  Biologle;  21, 250  and  337. 

>  U.  S.  Dept.  of  Agr.,  OfDoe  of  Experiment  Stations  Bui.  21;  Conn,  (Storrs)  Ezpertment  Station,  12th 
Beport(1899),p.71. 
•  Landw.  Jahrb.,  18, 1;  SS,  126;  27,  Brgfaubd.  m. 
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feeds;  Kellner  ^  has  shown  the  same  thing  to  hold  true  in  the  fatten- 
ing of  cattle;  we '  have  demonstrated  that  it  also  holds  in  the  case 
of  maintenance  and  submaintenance  rations  of  cattle;  and  Rubner' 
himself  has  shown  that  his  earlier  results  were  due  to  the  compara- 
tively low  temperatures  at  which  he  experimented  and  constituted  a 
special  case  of  a  general  law. 

Opinions  are  still  more  or  less  divided  as  to  the  cause  of  the  phe- 
nomenon, but  there  is  no  dispute  as  to  the  fact.  Only  a  part  of 
the  metabolizable  energy  of  the  food  is  ordinarily  substituted  for 
energy  previously  derived  from  the  katabolism  of  protein  and  fat  in 
the  body  or  is  recovered  in  the  gain  of  flesh  and  fat  made  by  the  body 
on  abundant  feeding. 

METHOD  OF  rBTESMININO  AVAILABniTT. 

The  relation  between  the  amount  of  metabolizable  energy  sup- 
plied to  the  animal  in  its  feed  and  the  resulting  effect  upon  the  body 
may  be  determined  by  a  comparison  of  two  periods  in  which  different 
amounts  of  the  feeding  stuff  or  ration  in  question  are  consumed. 
For  example,  in  Periods  III  and  IV  of  the  experiments  of  1905  two 
different  amounts  of  the  same  timothy  hay  were  fed.  After  making 
the  necessary  corrections  as  described  in  succeeding  paragraphs  and 
in  the  detailed  account  of  the  experiments,  it  was  found  tliat  the 
metabolizable  energy  of  the  rations  consumed  by  steer  A  and  the 
gain  of  energy  by  the  animal  (a  loss  being  regarded  as  a  negative 
gain)  were  as  follows: 


Motabo- 
Uiable 

enenryof 
retion. 

Gain  of 
enersyby 

PeriodIV 

Oaloriet, 
6.961.4 
3,641.4 

0aiori€9, 
"    080.2 

Period  III 

—2,006.1 

nuterence 

2,340.0 

1,416.0 

The  excess  of  2,340  calories  of  metabolizable  energy  in  Period  IV 
as  compared  with  Period  III  reduced  the  loss  of  potential  energy  from 
the  body  by  only  1,415.9  calories.  In  other  words,  only  60.5  per 
cent  of  the  additional  metabolizable  energy  suppUed  in  Period  IV 
was  substituted  for  energy  previously  derived  from  the  katabolism 
of  body  substance,  while  the  remainder  was  disposed  of  by  an  increase 
of  924.1  calories  in  the  heat  production  of  the  steer,  corresponding  to 
Rubner's  "specific  dynamic  effect,''  the  heat  production  rising  from 
5,635.8  calories  to  6,559.9  calories  (corrected).  It  is  customary  in 
such  a  case  to  speak  of  the  1,415.9  calories  as  the  available  energy  of 

1  Landw.  Vers.  Stat.,  44, 257;  47, 275;  60, 245;  M,  1. 

<  Bureau  of  Animal  Industry  Bulletins  51, 74,  and  101;  Laadw.  Jahrb.,  88, 666;  t4, 861;  S7, 423. 

I  OeseUe  des  Energleverbraachs  bel  der  Emfthrung,  1902. 
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the  hay  added  to  the  basal  ration  of  Period  III  and  to  say  that  60.5 
per  cent  of  the  metabohzable  energy  of  the  hay  was  ayailable.  Such 
a  method  of  statement  does  not  necessarily  imply  that  the  remaining 
39.5  per  cent  served  no  useful  function  in  the  body,  but  simply 
asserts  that  the  net  result  to  the  organism  was  the  same  as  if  60.5 
per  cent  of  the  metabohzable  energy  were  substituted  unit  for  unit 
for  energy  derived  from  the  katabolism  of  body  substance  and  as  if 
the  remaining  39.5  per  cent  were  useless.  What  the  experiment 
really  shows  is  that  a  unit  of  metabohzable  energy  in  the  hay  had 
only  60.5  per  cent  of  the  value  of  a  unit  of  metabohzable  energy  in 
the  body  substance  (chiefly  fat)  previously  katabolized^  but  the  first 
method  of  expression  is  both  common  and  convenient  and  may  be 
retained.  A  precisely  similar  computation  might,  of  course,  be  made, 
based  upon  the  total  instead  of  the  metabohzable  energy  of  the 
rations. 

CORBECnONS. 

In  a  determination  of  the  availabihty  of  feed  energy  it  is,  of  course, 
essential  that  the  two  periods  compared  be  identical,  except  as  to  the 
amount  of  feed  consumed.  In  practice  it  is  impossible  to  secure 
exact  identity,  and  certain  corrections  usuaUy  become  necessary.- 
These  are,  in  the  order  of  their  importance,  a  correction  for  the 
influence  of  standing  and  lying,  a  correction  for  the  difference  in  the 
live  weight  of  the  animal,  and  a  correction  for  unavoidable  variations 
in  the  amoimt  of  the  basal  ration  consumed. 

Correction  for  standing  and  lying. — ^The  authors  have  shown  in  pre- 
vious experiments  that  standing  as  compared  with  lying  causes  a 
very  material  increase  in  the  metabohsm  of  cattle.  These  results 
were  fully  confirmed  in  the  present  investigation.  By  averaging 
those  portions  of  each  period  which  seemed  free  from  irregularities 
due  to  the  change  from  the  standing  to  the  lying  position,  and  vice 
versa,  with  its  accompanying  change  in  the  rate  of  flow  of  water 
through  the  heat  absorbers,  and  which  also  seemed  free  from  acci- 
dental irregularities,  the  average  rate  per  minute  at  which  heat  was 
emitted  by  the  animal  by  means  of  radiation  and  conduction  and 
brought  out  of  the  calorimeter  in  the  water  current  was  computed 
for  the  standing  and  lying  positions  separately.  The  method  is 
described  in  detail  in  Port  II  of  this  bulletin,  in  connection  with  the 
experiments  of  1905  (p.  118),  and  the  results  are  given  in  full  in 
connection  with  the  experiments  of  each  of  the  three  years.  The 
percentage  excess  of  heat  given  off  in  the  standing  as  compared 
with  the  lying  position  was  found  to  be  as  shown  in  Table  16,  the 
percentage  being  calculated  upon  the  amount  given  off  while  lying. 
The  figures  of  the  table  render  it  obvious  that  any  considerable 
difference  in  the  proportion  of  time  spent  standing  or  lying  in  the 
two  periods  to  be  compared  would  seriously  distort  the  result. 
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Table  15. — Percentage  increase  in  heat  emiuicm  due  to  Mtanding. 


Experi- 
ments of 
1905. 

Experi- 
ments of 
1906. 

Experi- 
ments of 
1907. 

Steer  A: 

Period  I 

PerceTii. 
50.0 
37.9 
48.3 
36.3 

31.8 
36.0 
43.6 
36.9 

Percent. 
34.2 
44.4 

32.9 
41.6 

38.5 
44.4 
40.1 
42.0 

Percent 
31.3 

Period  II 

4S.5 

Period  III 

34.6 

Period  IV 

37.2 

Steer  B: 

Period  I 

39.7 

Period  II 

5ai 

Period  in 

36.6 

Period  IV 

4&4 

In  a  recent  article  ^  Zuntz  has  called  attention  to  the  apparently 
smaller  influence  of  standing  and  lying  upon  the  metabolism  of  the 
sheep;  as  computed  from  experiments  by  Hagemana,'  in  which  the 
difference  in  the  heat  production  as  computed  from  the  respira- 
tory exchange  was  only  8  per  cent.  Dahm,*  working  in  Zimtz's 
laboratory  and  by  his  method^,  likewise  found  an  increase  of  only 
8  per  cent  in  the  respiratoiy  excretion  of  carbon  dioxide  by  a  young 
bull  when  standing  as  compared  with  that  when  lying.  Zuntz  points 
out  that  even  with  a  uniform  rate  of  heat  production  the  heat  emis- 
sion would  tend  to  be  less  in  the  lying  posture,  since  less  of  the 
animal's  surface  is  exposed  for  radiation  and  evaporation.  Zuntz 
is  inclined  to  attribute  the  discrepancy  between  our  results  and 
those  of  Hagemann  and  of  Dahm  to  this  effect,  or,  in  other  words, 
to  assume  in  our  experiments  a  storing  up  of  heat,  either  in  the 
body  of  the  animal  or  in  the  platform  beneath  him,  during  the 
periods  of  lying. 

That  there  would  be  a  tendency  in  this  direction  is  undeniable, 
but  we  do  not  believe  that  it  is  of  sufficient  magnitude  to  seriously 
affect  our  comparison  of  the  metabolism  standing  and  lying.  While 
it  is  impracticable  at  this  time  to  enter  into  a  detailed  discussion  of 
the  point,  we  hope  to  do  so  on  another  occasion,  but  attention  may  be 
called  to  the  fact  that  in  making  the  comparisons  contained  in  Table 
15  those  portions  of  the  experiments  immediately  preceding  or  fol- 
lowing the  change  from  the  one  position  to  the  other  were  excluded. 

The  foregoing  results  refer  only  to  that  part  of  the  heat  which  was 
given  off  by  radiation  and  conduction  and  taken  up  by  the  water 
current  in  the  heat  absorbers.  No  similar  results  are  available  for 
that  portion  of  the  heat  which  was  given  off  as  latent  heat  of  water 
vapor,  since  only  the  total  elimination  of  this  substance  during  each 
subperiod  of  12  hours  was  determined.  A  comparison*  of  the  propor- 
tion of  the  total  heat  evolved  which  was  given  off  as  latent  heat  of 

1  Medizlnlsche  KUnlk.  1910. 

s  Arch.  (Anat.  ii.)  Physiol.,  1899,  Suppl.,  p.  111. 

>  Biochem.  Ztsch.,  28,  494. 

*  The  details  of  the  comparison  will  be  found  on  pages  122-124  of  Part  n  of  this  buUntln. 
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water  vapor  in  the  96  subperiods  of  the  three  years,  however,  fails 
to  afford  any  indication  that  this  proportion  was  affected  by  the 
proportion  of  time  spent  standing  or  lying,  although  the  latter  varied 
quite  widely.  Consequently  it  has  been  assumed  that  the  amount  of 
neat  given  off  as  latent  heat  of  water  vapor  is  proportional  to  that 
given  off  by  radiation  and  conduction.  On  this  basis  the  heat  pro- 
duction of  each  period  has  been  corrected  to  what  it  would  have  been 
had  the  animal  stood  for  12  hours  out  of  each  24.  The  method  of 
computing  the  correction  may  be  conveniently  illustrated  by  the 
results  on  steer  A  in  Period  I  of  the  experiments  of  1905^  for  which 
the  following  data  are  recorded : 

Heat  emiasion  per  day: 

By  radiation  and  conduction calories. .  5, 217. 6 

Ab  latent  heat  of  water  vapor do. ...  3, 293. 8 

Total do....  8,61L4 

Percentage  of  heat  in  water  vapor 38. 70 

Time  standing minutes. .      1, 137 

Time  lying do 303 

Heat  by  radiation  and  conduction,  per  minute: 

Standing calories. .    3. 8260 

Lying do 2. 6509 

Difference do 1. 2761 

If  we  multiply  the  difference  between  the  heat  emission  per  minute 
when  standing  and  when  lying  by  one-half  the  difference  in  the  num- 
ber of  minutes  standing  and  lying,  we  obtain  a  correction  which  in 
this  case  must  be  subtracted  from  the  observed  heat  to  obtain  the 
heat  computed  to  12  hours  standing,  as  follows: 

1.2751X417    =    531.7  calories. 
5,217.2-531.7-4,685.9  calories. 

Assuming  that  the  percentage  of  the  total  heat  emitted  which  was 
giren  off  by  radiation  and  conduction  would  have  remained  the  same, 
viz,  61.30  per  cent,  the  total  heat  emission  would  have  been: 

4,685.9^0.6130  =  7,644.8  calories. 

The  corrected  heat  emission  as  thus  computed  has  been  used  in 
calculating  the  gain  or  loss  of  energy  by  the  body.  The  balances  of 
energy  as  thus  corrected  and  the  corresponding  gains  are  recorded 
in  Part  II  of  this  buUetin  in  connection  with  each  of  the  three  series 
of  experiments  (pp.  126,  157,  and  184). 

Correction  for  live  weight — ^The  varying  rations  consumed  caused 
greater  or  less  changes  in  the  live  weights  of  the  animals,  which  pre- 
sumably caused  corresponding  changes  in  their  maintenance  require- 
ments. It  is  evident,  however,  that  if  the  steer  weighs  more  in  the 
second  period  than  in  the  first  some  of  the  feed  added  in  the  second 
period  will  be  used  to  supply  his  increased  maintenance  requirement. 
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and  in  this  way  the  comparison  between  the  two  periods  will  be  dis- 
turbed. The  method  used  for  correcting  this  error  may  be  conven- 
iently illustrated  by  the  results  obtained  with  steer  A  in  Periods  III 
and  IV  in  the  experiments  of  1905,  which  have  already  served  (p.  40) 
to  illustrate  the  general  method  of  determining  availability.  The 
basis  of  the  correction  is  the  assumption  that  the  maintenance 
requirement,  as  measured  by  the  fasting  katabolism,  is  approximately 
proportional  to  the  two-thirds  power  of  the  live  weight.  This  has 
been  shown  by  various  experimenters  to  be  the  case,  not  only  with 
different  animals  of  the  same  species  but  even  with  different  species. 
According  to  Kellner,  it  is  true,  the  increase  in  the  maintenance 
requirement  during  fattening  is  in  a  somewhat  more  rapid  proportion, 
but  for  the  rather  small  changes  in  weight  in  these  experiments  and 

for  the  purpose  of 
computing  a  correc- 
tion simply  the  as- 
sumption  is  probably 
sufficiently  accurate. 
In  the  periods  se- 
lected as  an  illustra- 
tion, the  average  of 
the  last  six  weighings 
of  steer  A  was :  Period 
III,  268.8  kilograms; 
Period  IV,  277.6  kilo- 
grams. 

Assuming  the  fast- 
ing katabolism  to  be 
approximately  pro- 
portional to  the  two-thirds  power  of  the  live  weight,  that  of  Period 
IV  would  be  to  that  of  Period  III  as  1 : 0.9781 .  In  figure  6,  in  which  the 
abscissas  represent  the  metabolizable  energy  of  the  ration  and  the  ordi- 
nates  the  gain  of  energy  by  the  body,  let  the  points  p^  and  p^  having 
the  ordinates  x,  y^  and  x^  y^,  respectively,  represent  the  results  obtained 
in  Periods  III  and  IV  on  the  same  animal.  Through  these  points  let 
there  pass  the  parallel  lines  AC  and  BD,  making  with  the  axis  of  X 
the  angle  x,  whose  tangent  would  represent  the  percentage  availabiUty 
of  the  metabolizable  energy  of  the  hay.  The  distances  OA  and  OB 
would  then  represent  the  fasting  katabolism  in  the  two  periods  and 
would  be  to  each  other  as  the  two-thirds  powers  of  the  live  weights.    Let- 

OA 
ting  Qg  =  n,  and  tang  x  =  m,  it  may  be  shown  that  the  value  of  m, 

that  is,  the  availability  of  the  metabolizable  energy,  is 


Fig.  0.— Correotion  for  live  weight. 


OOBBECTIOK  FOB  LIVE  WEIGHT. 
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Substituting  the  corresponding  numerical  values  for  steer  A  from 
Table  101,  page  126,  in  Part  II,  viz, 


a:,  =  3,641.4 
X4  =  6,1 15.3 


n 


t/,= -2,096.1 
^4=  -    695.4 
0.9781 


we  find  the  percentage  availability  to  be  60.51  per  cent,  as  the  fol- 
lowing computation  shows: 


m= 


-2,096.1- (0.9781  X  -695.4) 
3,641.4- (0.9781  X   6,115.3) 


=  0.6051 


Corredion  for  variations  in  basal  ration. — ^The  availability  of  the 
energy  of  the  grain  is  computed  by  comparison  of  a  period  in  which 
both  grain  and  hay  were  fed  with  a  basal  ration  of  hay  alone.  Such 
a  comparison,  of  course,  requires  that  the  amount  of  hay  consumed 
in  each  instance  be  the  same,  a  condition  which  it  is  practically 
impossible  to  exactly  fulfill. 

The  method  of  correction  may  be  illustrated  by  the  results  upon 
steer  A  in  Periods  I  and  III  of  the  experiments  of  1905.  The  hay  in 
Period  I  was  intended  to  be  the  same  in  amount  as  in  Period  III, 
in  which  the  basal  ration  was  fed.  On  account  of  slight  variations 
in  the  moisture  content  of  the  hay,  however,  the  actual .  amounts  of 
organic  matter  of  hay  consumed  in  the  two  periods  varied  slightly,  so 
that  the  difference  in  metabolizable  energy  between  the  total  rations 
of  Periods  I  and  III  does  not  accurately  represent  the  additional 
metabolizable  energy  derived  from  the  bran.  The  total  organic 
matter  of  the  hay  consumed  was:  In  period  III,  1,919.6  grams;  in 
Period  I,  1,894.3  grams;  difference,  25.3  grams. 

In  the  case  of  steer  A,  according  to  Table  94  of  Part  II  (p.  116), 
the  total  organic  matter  of  the  hay  contained,  on  the  average  of 
Periods  III  and  IV,  1.853  calories  of  metabolizable  eneigy  per  gram, 
of  which  60.51  per  cent,  as  just  computed,  was  available.  Applying 
these  factors  to  the  difference  in  the  organic  matter  consimied  in  the 
hay,  we  may  correct  the  results  on  Period  I  to  what  they  would  have 
been  had  the  same  amount  of  hay  been  consumed  as  in  Period  III, 
as  follows: 


In  Period  I 

Comctlon  f9r  bay 

Period  I,  oomoted 


Organic 

matter 

of  hay 

consumed. 


Qrami. 
1,894.3 
+25.3 


1,919.6 


MetaboUsa- 

ble  energy 

oftotaT 

ration 

(Table  101). 


Calories. 
6,889.1 
+46.9 


6,936.0 


Gain  by 

body 

(Table  101). 


QUoriet. 
-951.3 
+  28.4 


-922.9 
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The  corrected  results  of  Period  I  may  then  be  compared  with  those 
of  Period  III,  making  a  further  correction  for  the  difference  in  live 
weight  in  the  same  manner  as  in  comparing  Periods  III  and  IV. 

The  average  weight  of  the  steer  for  the  last  six  weighings  of  each 
of  these  periods  was:  Period  III,  268.8  kilograms;  Period  I,  270.7 
kilograms.  The  ratio  of  the  fasting  katabolism  of  Period  III  to  that 
of  Period  I,  represented  by  n  in  the  previous  formula,  would  there- 
fore be: 


n 


i^T-o-^' 


The  corresponding  values  of  x  and  y,  after  correction  for  the  differ- 
ence in  the  hay  consumed,  would  be : 


ajj  =  6,936.0 
«,= 3,641.4 


Vt^-    922.9 
y,- -2,096.1 


Accordingly,  the  percentage  availability,  computed  by  the  previous 
formula,  is  36.11,  the  computation  being  as  follows: 


m 


-2,096.1  ~  (0.9951  X  -922.9)  . 

3,641.4-  (0.9951  X  6,936.0)  *"  "'^^ ^  ^ 
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The  availability  of  the  metabolizable  energy  in  the  several  experi- 
ments has  been  computed  in  the  manner  above  illustrated.  The  data 
for  the  several  corrections,  as  well  as  the  details  of  the  computation/ 
are  recorded  in  connection  with  the  description  of  the  individual 
calorimeter  experiments  in  Part  II  and  the  final  results  are  sunmia- 
rized  in  Table  16. 

Table  IQ. ^Percentage  avaUabiliiy  of  metaholieable  energy. 


Ration. 

1905 

1906 

1007 

Steer  A. 

Steer  B. 

StwwA. 

Steer  B. 

Steer  A. 

Steer  B. 

Timothy  hay 

Percent. 
60.61 

68.74 
36.11 
84.13 

Percent. 
66.21 

61.98 
63.10 
60.66 

Percent. 
71.40 

Percent. 
60.86 

Percent. 
67.06 

PercenL 
66.60 

Wheat  bran: 

Periods  n-in 

Periods  I-m 

Periods  n-I 

Mixed  grain: 

Periods  n-m 

68.80 
74.02 
63.80 

61.61 
41.13 
70.44 

61.66 
68.18 
64.10 

B7  71 

Periods  I-m 

68.78 
66.74 

Periods  II-I 

The  foregoing  results  are  also  represented  graphically  in  figures  7, 
8,  and  9,  in  which  the  abscissas  represent  the  amounts  of  metabolism 
able  energy  in  the  several  rations  and  the  ordinates  the  correspond- 
ing gains  of   energy  by  the  animal.    The  values  for  the   several 
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periods  are  those  obtamed  after  correcting  for  differences  in  live 
weight  and  in  the  amount  of  hay  consumed.  The  percentage  avail- 
ability derived  from  a  comparison  of  any  two  periods  is  equal,  of 
course,  to  the  tangent  of  the  angle  made  by  the  corresponding  line 
with  the  horizontal  axis. 

An  inspection  of  the  table  and  diagrams  renders  it  evident  that  the 
results  of  the  experiments  of  1907,  in  which  the  closest  agreement 
between  the  observed  and  computed  heat  production  was  obtaiued, 
are  Ukewise  the  most  consistent  among  themselves,  while  those  of 
the  two  previous  years  show  greater  irregularities.  The  latter  is 
especially  the  case  with  regard  to  the  availability  of  the  energy  of 


Fio.  7.— Availability  of  metabolizable  energy,  experiments  of  1905. 

the  grain  as  computed  respectively  by  a  comparison  of  Periods  I  and 
III  and  of  Periods  II  and  I.  On  the  other  hand,  if  we  regard  Period 
III  as  the  basal  ration  and  compute  the  availability  of  the  energy  of 
the  grain  from  a  comparison  of  Periods  II  and  III,  the  results  in  the 
three  years  are  decidedly  more  concordant.  Accordingly,  in  the 
figures  the  availability  of  the  energy  of  the  hay  as  shown  by  a  com- 
parison of  Periods  IV  and  III  and  that  of  the  grain  as  computed  by 
a  comparison  of  Periods  II  and  III  are  represented  by  fuU  lines  and 
the  other  results  by  broken  lines. 

AVAniABILITT  ABOVE  AND  BELOW  MAINTENANCE. 

A  computation  of  the  availabiKty  by  a  comparison  of  Periods  II 
and  III  assumes  that  the  same  percentage  is  available  above  and 
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below  the  maintenance  requirement.    In  previous  publications  ^  we 
have  expressed  the  beUef ,  based  in  part  upon  experimental  results 


till 


Fig.  8.— Availability  of  metabolisable  enerfy,  expezlments  of  1006. 

and  in  part  upon  theoretical  considerations,  that  this  is  not  the  case, 
but  that  the  proportion  of  metaboUzable  energy  capable  of  being 
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Fio.  9.— Availability  of  metabolisable  energy,  ezperlznents  of  1907. 

stored  up  as  gain  after  the  maintenance  requirement  is  satisfied  is 
materially  less  than  that  available  below  the  maintenance  requir^- 

1  Bureau  of  Animal  Industry  BuL  61,  p.  64,  and  Bui.  74,  pp.  4^-44;  "PrlnoiplM  of  Animal  Notrltloii/' 
pp.  444-446. 
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ment  to  diminish  the  loss  of  energy  from  the  body.  The  results  of 
the  present  series-  of  experiments  fail  to  support  that  view.  The 
experiments  upon  hay  alone  were  all  upon  quantities  below  the 
maintenance  requirement,  with  the  exception  of  steer  A  in  Period  IV 
of  the  experiments  of  1907,  and  even  in  tliis  case  the  ration  was  but 
sUghtly  in  excess  of  maintenance.  In  the  case  of  the  mixed  rations 
of  hay  and  grain,  however.  Period  I,  in  which  a  Ught  grain  ration  was 
added  to  the  hay  of  the  basal  ration  of  Period  III,  was  intended  to 
be  approximately  a  maintenance  ration,  while  in  Period  II  the  amount 
of  grain  was  increased  so  as  to  cause  a  material  gain  by  the  animals. 
As  a  matter  of  fact,  the  ration  of  Period  I  was  less  than  the  main- 
tenance requirement  of  steer  B  in  every  case,  while  with  steer  A  on 
the  contrary  it  was  somewhat  above  the  maintenance  requirement 
except  in  the  experinients  of  1905.  If,  now,  it  be  true  that  the 
percentage  availability  is  less  above  the  maintenance  requirement 
than  below,  then  the  availabiUty  compiited  from  a  comparison  of 
Periods  I  and  II  should  be  less  than  that  computed  from  a  com- 
parison of  Periods  I  and  III.  In  the  experiments  of  1907,  in  which, 
as  noted,  the  results  seem  most  concordant,  the  availabiUty  com- 
puted from  Periods  I  and  II  is  in  one  case  greater  than  in  the  other 
case  less  than  that  computed  from  Periods  I  and  III,  the  difference 
being  relatively  small  in  both  cases.  Both  the  figures  of  Table  16 
and  the  graphic  representation  of  the  results  appear  to  indicate 
clearly  that  in  this  series  the  percentage  of  the  metaboUzable  energy 
of  the  grain  which  was  available  was  substantially  independent  of 
whether  the  amounts  consumed  were  above  or  below  the  maintenance 
requirement.  In  the  other  two  years,  in  which  the  results  are  less 
satisfactory,  the  availability  computed  above  the  maintenance  re- 
quirement, i.  e.,  from  Periods  I  and  II,  is  in  two  cases  greater  and  in 
two  cases  less  than  that  computed  below,  but  the  differences  are 
decidedly  greater.  In  consideration  of  the  greater  weight  attaching 
to  the  concordant  results  of  the  experiments  of  1907,  we  are  inclined 
to  conclude  that  the  percentage  of  the  metabolizable  energy  of  the 
grain  available  was  substantially  the  same  above  and  below  the  main- 
tenance requirement  and  that  the  discrepancies  in  the  earUer  experi- 
ments are  perhaps  due  to  errors  affecting  particularly  the  results  of 
Period  I. 

A  reconsideration  of  the  experimental  evidence  upon  which  we 
based  our  earlier  view  points  to  the  same  conclusion.  In  the  experi- 
ments on  timothy  hay,  reported  in  the  first  of  the  publications  cited, 
only  one  period  showed  a  gain  of  energy  by  the  animal  and  this 
amounted  to  only  266  calories.  Attention  was  called  to  this  fact  in 
the  discussion  of  the  results  and  it  was  specifically  stated  that  much 
stress  should  not  be  laid  upon  the  results  of  this  period.     In  the 

92946^— BuU.  128^-11 1 
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experiments  with  com  meal  in  1903,  reported  in  the  second  of  the 
publications  cited,  however,  a  gain  of  3,525  calories  was  obtained 
in  the  period  of  heavy  feeding,  and  from  this  we  computed  a  per- 
centage utilization  of  53.28  as  compared  with  a  percentage  avail- 
ability below  maintenance  of  77.81.  In  this  computation,  however, 
we  failed  to  take  due  account  of  the  fact  that  in  these  experiments 
the  proportion  of  time  spent  standing  was  notably  greater  in  the 
period  of  heavy  feeding  (Period  IV)  than  in  the  others,  a  fact  which 
would  tend  to  reduce  the  gain  by  the  animal.  In  connection  with 
the  detailed  description  of  the  respiration  calorimeter  experiments 
in  Part  II  of  this  bulletin,  we  have  included  a  recalculation  of  the 
results,  making  the  corrections  for  standing  and  lying,  for  live  weight, 
and  for  di£Perences  in  the  amount  of  hay  consumed  in  percisely  the 
same  maimer  as  in  the  three  series  of  experiments  under  discussion. 
In  the  experiments  of  1903  the  minimum  ration  of  hay  was  given  in 
Period  II,  the  Ught  grain  ration  (much  below  maintenance)  in  Period 
III  and  the  heavy  grain  ration  in  Period  IV.  The  final  results  for 
availability  are  as  follows: 

Table  17. — Recalculated  availahilUy  of  metabolizahle  energy ^  1903. 

Red  clover  hay :  Per  oent. 

Periods  I-II 44.04 

Com  meal : 

Light  ration,  Periods  III-II 66. 22 

Heavy  ration,  Periods  I V-II 69.12 

Heavy  ration.  Periods  I  V-II  1 70.83 

These  figures,  as  well  as  the  graphic  representation  of  the  results  on 
figure  10,  like  those  of  the  three  series  of  1905-1907,  fail  to  give  any 
evidence  of  a  decreased  availability  above  the  point  of  maintenance 
as  compared  with  that  below. 

SUMMARY  OF  AVAILABILCTT. 

If,  then,  we  are  justified  in  concluding  that  the  percentage  avail- 
abiUty  is  the  same  above  and  below  maintenance,  it  would  seem  that 
the  most  satisfactory  measure  of  the  availability  of  the  energy  of  the 
grain  in  the  experiments  under  discussion  will  be  obtained  by  com- 
paring the  results  of  Period  II,  in  which  the  maximum  amount  of 
grain  was  fed,  with  those  of  Period  III  upon  hay  alone,  regarding  the 
latter  as  the  basal  ration,  since  this  comparison  affords  the  widest 
range  in  the  amount  of  grain  consumed,  thus  presumably  reducing 
the  relative  error.  Upon  this  basis,  we  obtain  the  following  com- 
parison of  the  results  upon  the  two  animals  in  the  three  series  of 
experiments : 
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Tablb  18. — Summ4sry  of  availabUity  of  metabolizable  energy. 


Thnolhf  hap. 

Experiments  of  1905 

Experiments  of  1906 

Experiments  of  1907 

Wheat  hnn. 
Experiments  of  1906 

Mixed  prain. 

Experiments  of  1906 

Experiments  of  1907 


Steer  B. 


56.21 

ease 

56.50 


51.98 


51.51 
67.71 


Fio.  10.— Availability  of  metabolkable  energy,  experiments  of  1903. 


INFLUENCE  OF  AQE   OF  ANIMAL  ON  AVAILABnJTY. 

One  of  the  objects  of  the  investigation  was  to  compare  the  per- 
centage availability  in  the  same  animal  at  different  ages.  This  pur- 
pose was  largely  frustrated,  however,  by  the  impossibility  of  obtaining 
hay  of  identical  quality  in  the  three  years  and  likewise  by  the  neces- 
sity of  changing  to  a  mixed-grain  ration  in  order  to  secure  the  con- 
sumption of  an  adequate  amount. 

As  noted  in  the  discussion  of  the  results  upon  digestibility,  the 
hay  used  in  1905  was  of  decidedly  poorer  quality  than  that  of  the 
other  two  years,  being  low  in  protein  and  high  in  crude  fiber.    The 


52      INFLUENCE  OF  TYPE  AND  AGE  ON   UTILIZATION  OF  FEED. 

latter  fact,  as  has  been  well  established  by  KeUner's  investigations, 
tends  to  increase  the  expenditure  of  energy  in  digestion  and  assimi- 
lation, or,  in  other  words,  to  diminish  the  percentage  availabiUty  of 
the  energy.  Notwithstanding  this,  however,  the  availability  found 
for  the  poorer  hay,  as  compared  with  that  observed  with  the  better 
quality  in  1907,  was  but  1.29  less  in  the  case  of  steer  B,  and  3.46 
greater  with  steer  A.  These  results  might  be  taken  to  indicate  a 
relatively  greater  availabiUty  by  the  younger  animal  were  it  not  for 
the  rather  unsatisfactory  character  of  the  experiments  of  1905.  The 
results  on  the  hay  in  1906  seem  abnormally  high,  being  greater  for 
each  animal  than  those  for  the  grain. 

In  the  case  of  the  grain  a  comparison  of  the  results  in  1906  and 
1907  upon  practically  identical  mixtures  shows  a  higher  percentage 
availabiUty  in  the  case  of  the  older  animal,  especiaUy  with  steer  B, 
although  here,  too,  the  differences  are  rather  smaU.  On  the  whole, 
while  the  results  as  regards  the  influence  of  age  are  indecisive,  they 
afford  Uttle  support  to  the  belief  in  a  greater  abiUty  of  young  animals 
to  utiUze  the  metaboUzable  energy  of  their  feed. 

INFLUENCE   OP  INDIVIDUALITY   UPON  AVAILABILITY. 

It  is  not  easy  to  form  a  judgment  as  to  the  probable  error  involved 
in  the  results  of  complicated  experiments  like  the  foregoing,  and  the 
significance  of  small  differences  may  readily  be  exaggerated.  In  the 
experiments  of  1907,  which,  as  already  pointed  out,  are  the  most  satis- 
factory of  the  three  series,  there  is  a  difference  in  the  percentage 
availabiUty  of  3.84  in  the  case  of  the  grain  and  0.55  in  that  of  the 
hay  in  favor  of  steer  A  as  compared  with  steer  B.  These  differences 
are  smaU,  and  in  the  case  of  the  hay  especiaUy  seem  practically  negU- 
gible.  They  appear  to  gain  somewhat  in  significance,  however,  from 
the  fact  that  the  differences  observed  in  the  earlier,  even  though  less 
satisfactory  series,  are  not  only  greater  but  also  are  uniformly  in  the 
same  direction.  Even  including  the  less  satisfactory  comparisons 
contained  in  Table  16,  this  fact  is  true  in  9  cases  out  of  12.  Taking 
the  results  as  a  whole,  therefore,  they  seem  to  indicate  a  small  but 
distinct  superiority  of  steer  A  over  steer  B  as  regards  the  availabiUty 
of  the  metabolizable  energy  of  the  feed.  This  difference  appears  to 
be  more  marked  in  the  earUer  years,  whUe  as  the  apimals  matured 
steer  B  nearly  or  quite  overtook  steer  A  in  tliis  respect,  so  that  it 
seems  questionable  whether  the  differences  in  the  third  year's  experi- 
ments are  of  much  significance. 

As  regards  the  explanation  of  such  a  difference,  only  speculations 
can  be  presented.  It  is  not  easy  to  conceive  how  any  metaboUc 
process  or  set  of  processes,  such,  for  example,  as  are  involved  in  the 
production  of  fat  from  carbohydrates,  can  be  conducted  more  effi- 
ciently in  one  individual  than  in  another.    It  would  seem  that  if 
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such  a  difference  between  indiyiduals  exists  as  is  indicated  by  the 
foregoing  results  we  must  seek  for  its  explanation  in  differences  in 
the  character  of  the  body  substance  gained  or  katabolized.  Upon 
this  point,  of  course,  respiration-calorimeter  experiments  afford  but 
meager  mformation.  They  show  the  total  gain  or  loss  of  ash,  nitrog- 
enous matter,  and  fat  (and  glycogen),  but  reveal  nothing  as  to  the 
part  of  the  body  where  they  are  deposited  or  katabolized,  nor  as  to 
the  exact  nature  of  the  material  involved.  It  may  not  be  without 
significance  in  this  connection  that,  as  shown  on  previous  pages,  the 
growth  of  steer  A  was  more  largely  in  body  girth,  while  steer  B 
increased  relatively  more  rapidly  in  length  and  height,  or  that,  as 
will  appear  later,  steer  A  showed  a  tendency  to  fatten,  while  steer  B 
inclined  to  gain  relatively  more  nitrogenous  material.  In  other  words, 
the  difference  in  availabiUty  may  conceivably  be  related  to  the 
apparent  difference  in  the  nature  of  the  gains  or  losses. 

THE  ENSBQT  REQUIREMENT  FOR  MAINTENANCE. 

From  the  results  of  the  two  periods  on  hay  alone  in  each  year  it 
is  easy  to  compute,  on  the  one  hand,  the  amount  by  which  it  would 
have  been  necessary  to  increase  the  supply  of  metabolizable  energy 
to  prevent  any  loss  of  potential  energy  from  the  body,  or,  on  the 
other  hand,  to  calculate  the  amount  of  potential  energy  which  would 
have  been  lost  by  the  animal  had  the  ration  been  reduced  to  zero. 

Thus  in  the  case  of  steer  A  in  the  experiments  of  1907,  for  example, 
the  metabolizable  energy  of  the  hay  consumed  daily  in  Period  III 
was  6,234.5  calories,  and  on  this  ration  the  body  lost  daily  1,679.4 
calories,  while  a  comparison  with  Period  IV  (compare  p.  51)  shows 
an  availabihty  of  the  metabolizable  energy  of  57.05  per  cent.  Evi- 
dently, then,  to  prevent  the  loss  from  the  body  of  1,679.4  calories 
it  would  have  been  necessary  to  add  to  the  daily  ration  sufficient 
hay  to  supply  1,679.4^0.5705  =  2,943.7  calories  of  metabolizable 
enei^,  making  the  total  metabolizable  energy  of  the  daily  ration 
2,943.7  +  6,234.5  =  9,178.2  calories. 

If,  on  the  other  hand,  the  ration  had  been  reduced  to  zero,  the  loss 
of  energy  per  day  by  the  animal  would  have  been  increased  by 
6,234.5x0.5705  =  3,556.8  calories  and  the  total  loss  would  have  been 
1,679.4  +  3,556.8  =  5,236.2  calories. 

A  precisely  similar  computation  may,  of  course,  be  made  from  the 
data  of  Period  IV. 

In  figure  11,  let  the  points  A  and  B  represent  the  results  of  Periods 
in  and  IV,  plotted  in  the  same  manner  as  in  figure  9,  the  metabolizable 
energy  in  the  two  periods  being  represented,  respectively,  by  OE  and 
Of  and  the  gain  or  loss  by  the  animal  by  EA  and  FB,  while  the  line 
AB,  intersecting  the  horizontal  axis  at  C,  represents  the  percentage 
availability.    It  is  plain,  then,  that  OC  represents  the  amount  of 
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metabolizable  energy  required  to  reduce  the  loss  from  the  body  to 
zero,  that  is,  for  maintenance,  while  OD  evidently  represents  the  body 
loss  that  would  have  occurred  if  the  supply  of  metabolizable  energy 
had  been  reduced  to  zero.  That  is,  OD  represents  the  computed 
fasting  katabolism/  or  the  amount  of  energy  actually  required  for 
the  necessary  internal  work  of  the  body,  while  the  value  of  OC  shows 
the  amount  of  metabolizable  energy  having  this  particular  percent- 
age of  availability,  viz,  67.05,  which  would  have  been  required  to 
reach  equilibrium.  In  other  words,  the  maintenance  raMon,  expressed 
in  terms  of  metabolizable  energy,  is  variable  depending  upon  the  per- 
centage availability  of  the  energy,  while  the  maintenance  requirement 
expressed  in  terms  of  the  computed  fasting  katabolism  is  constant 

for  the  same  animal 
under  the  same  exter- 
nal conditions.  Any 
ration  therefore  which 
will  supply  available 
energy  equal  to  OD 
will  be  a  maintenance 
ration.  Thus,  if  the 
metabolizable  energy 
of  a  ration  had  an 
availabihty  of  65  per 
cent,  represented  by 
the  line  DG,  the  main- 
tenance requirement 
in  terms  of  available  energy  would  still  be  represented  by  OD,  but  the 
maintenance  ration  expressed  in  terms  of  metabolizable  energy  would 
equal  not  OC  but  OG.  Plainly  it  is  preferable,  therefore,  to  express  the 
maintenance  requirement  as  a  constant  in  terms  of  available  energy. 
The  computation  of  the  maintenance  requirements  of  the  two 
animals  in  these  experiments  suffers  from  the  more  or  less  imsatis- 
f actory  nature  of  the  results  obtained  with  regard  to  the  availabihty 
of  the  metabolizable  energy  of  the  hay  in  the  first  two  years.  In  the 
experiments  of  1906  in  particular,  the  percentage  availabihty  of  the 
energy  of  the  hay  appears  to  be  too  high.  In  the  case  of  steer  A 
especially  the  results  are  not  only  larger  than  those  obtained  in  1905 
and  in  1907,  but  are  higher  than  the  figures  found  for  the  availabihty 
of  the  mixed  grain,  a  result  which  seems  unlikely.  The  hay  used 
was  similar  in  composition  and  digestibihty  to  that  used  in  1907  and 
the  computation  of  the  maintenance  requirement  has  been  made  by 
assuming  the  availability  of  its  energy  to  have  been  the  same  as  that 
found  for  the  corresponding  animal  in  the  year  1907. 


Fio.  11.— The  malntenanoe  requirement. 


1  On  the  assumption,  of  oouise,  that  the  experiment  Is  made  at  or  above  the  critical  external  tempen* 
tuie  for  the  animal. 
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Computed  on  this  assumption  and  in  the  manner  shown  in  the  fore- 
going example,  the  maintenance  requirements  of  the  two  animals 
in  the  three  series  of  experiments  were  as  shown  in  Table  19.  For 
the  sake  of  ready  comparison,  the  results  have  also  been  recalculated 
to  a  imiform  weight  of  500  kilograms  in  proportion  to  the  two-thirds 
power  of  the  Uve  weight. 

Table  19. — Computed  Tnainienance  requirements  in  terms  of  available  energy. 


Per  day  and  head: 

Experiments  of  1905 

Experiments  of  1906 

Experiments  of  1907 

Per  day  and  500  kilos  live  weight: 

Experiments  of  1905 

Experiments  of  1906 

Experiments  of  1907 


Steer  A. 


Caloriet. 
4,396 
5,228 
5,236 

6,649 
6,077 
5,186 


Steer  B. 


CalorUs. 
3,946 
4,801 
5,821 

7,582 
6,806 
6,981 


The  experiments  of  1907,  the  results  of  which  are  the  most  satis- 
factory, show  a  marked  diflFerence  between  the  two  animals  as  regards 
the  maintenance  requirement,  that  of  steer  B  being  33.7  per  cent 
higher  than  that  of  steer  A.  The  results  obtained  in  1905  and  1906 
naturally  have  less  weight,  but  nevertheless  they  show  a  difference 
in  the  same  general  direction.  On  the  average  of  the  three  years' 
experiments  the  available  energy  required  for  maintenance  per  500 
kilograms  live  weight  was:  Steer  A,  5,971  calories;  steer  B,  7,090 
calories.  Even  omitting  the  relatively  low  result  for  steer  A  in  1907, 
the  average  for  steer  A  is  materially  lower  than  that  for  steer  B. 

The  correction  of  the  results  to  a  uniform  time  of  12  hours  stand- 
ing may  be  assumed  to  have  approximately  eliminated  any  difference 
in  the  maintenance  requirement  due  to  the  influence  of  standing  or 
lying.  Steer  B  possessed  the  active,  nervous  temperament  of  the 
dairy  type,  while  steer  A  showed  the  quiet,  almost  phlegmatic  dis- 
position of  the  typical  beef  animal.  The  figures  appear  to  show  that 
this  difference  in  temperament,  aside  from  any  effect  which  it  had 
upon  the  amount  of  time  spent  standing  or  lying,  very  materially 
affected  the  maintenance  requirement.  If  such  differences  prove 
to  be  characteristic  of  the  two  types  of  animals,  they  will  go  far 
toward  explaining  the  economic  superiority  of  the  beef  type. 

With  the  exception  of  steer  B  in  1907,  the  relative  maintenance 
requirement  shows  a  marked  decrease  from  year  to  year.  We  may 
conjecture  that  this  is  due  to  lessened  muscular  activity  with 
advancing  maturity. 

ENERGY  VALUES  OF  FEEDING  STUFFS. 

In  order  to  have  a  basis  for  estimating  the  available  energy  of  the 
rations  in  periods  not  covered  by  the  calorimeter  experiments,  it 
appears  desirable  to  compute  from  the  foregoing  residts  the  energy 
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yalues  of  the  feeds  used,  while  it  will  be  of  interest  also  to  compare 
the  experimental  results  with  those  obtained  by  applying  Kellner's 
factors  to  the  digestible  nutrients  as  computed  from  the  results  of  the 
digestion  experiments. 


TUOTHT  HAY. 


The  total  chemical  energy  of  the  hay  in  each  of  the  three  years  is 
recorded  in  Table  4,  page  26,  while  the  average  percentage  of  it  which 
was  metabolizable  is  shown  in  Table  12,  page  36,  the  difference 
between  the  two  animals  in  this  respect  being  insignificant.  The 
percentage  availability  of  the  metabolizable  energy,  as  shown  in 
Table  18,  page  51,  and  in  the  subsequent  discussion,  appears  to  have 
been  slightly  greater  by  steer  A  than  by  steer  B,  but  the  differences 
seem  too  small  to  be  of  any  importance  in  such  a  general  comparison 
of  rations  as  is  attempted  on  subsequent  pages.  Accordingly,  the 
average  percentage  availability  by  the  two  animals  is  made  the  basis 
of  the  computation.  Furthermore,  as  noted  in  the  discussion  of  the 
percentage  availability,  the  results  upon  hay  in  the  year  1906  are 
questionable.  They  have  therefore  been  rejected  in  the  following 
computation  and  the  average  result  with  the  two  animals  in  the  experi- 
ments of  1907  has  been  used,  as  was  the  case  in  the  computation  of 
the  maintenance  requirement  on  page  55.  The  content  of  availa- 
ble energy  therefore  has  been  calculated  from  the  metabolizable  energy 
by  the  use  of  the  following  percentages  of  availability: 


Per  cent. 

Experiments  of  1905 57. 86 

Experimentfl  of  1906 

Experiments  of  1907 


I 

Computed  in  this  way,  the  energy  values  of  the  hay  are: 

Table  20. — Energy  values  per  gram  of  dry  matter  of  timothy  hay. 


56.  78 


Digested  energy 

Metabolizable  energy 
Available  energy 


Experiments  of- 


1905 


Calories, 
2.2243 
1.7782 
1.0288 


1906 


QOoriet. 
2.3347 
1.8610 
1.0667 


1907 


QUoria. 

2.G266 
2.0667 
1.1678 


WHEAT  BRAN. 


But  one  series  of  experiments,  viz,  that  of  1905,  was  made  upon 
wheat  bran  alone.  As  was  the  case  with  the  hay,  the  percentage  of 
the  total  energy  metabolizable,  as  shown  in  Table  13,  page  37,  differed 
but  slightly  as  between  the  two  animals.  The  percentage  availability 
of  the  metaboUzable  energy  was  6.76  per  cent  greater  with  steer  A 
than  with  steer  B,  but  it  may  be  questioned  whether  this  difference 
is  significant.    The  energy  values  of  the  wheat  bran  are  as  follows: 
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Table  21. — Energy  values  per  gram  of  dry  matter  of  wheat  bran. 

Calories. 

Digested  energy 3.0942 

Metabolizable  energy 2. 5149 

Available  energy: 

Steer  A 1.4773 

Steer  B 1.3072 

Average 1.3923 

MIXED  GRAIN. 

The  mixed  grain  in  the  experiments  of  1906  and  1907  consisted,  as 
previously  stated,  of  1  part  by  weight  of  wheat  bran,  3  of  com  meal; 
and  3  of  old-process  linseed  meal.  The  energy  values  of  the  separate 
ingredients  of  this  mixture  were  not  determined,  but  only  that  of 
the  mixture  as  a  whole.  Using  the  averages  of  the  results  obtained 
with  the  two  animals  for  the  percentage  of  the  total  energy  digestible, 
metabolizable,  and  available,  we  have  the  following  results: 

Table  22. — Energy  valties  per  gram  of  dry  matter  of  mixed  grain. 


Digested  energy 

MetaboUsable  energy 
Available  energy: 

Steer  A 

steer  B 

Average 


Experiments  of— 


1906 


Oaloria. 
3.8508 
3.1457 

1.8525 
1.6204 
1.7365 


1907 


Average  of 
the  2 
years. 


Caloriee. 
3.7032 
2.9758 

1.8316 
1. 7173 
1.7745 


Oalmiea. 
3. 7770 
3.0608 

1.8421 
1.6689 
1.7555 


COMPUTED  ENERGY  VALUES. 


Applying  to  the  average  composition  of  the  feeds  used  in  the  three 
experiments  as  shown  in  Tables  4  and  7,  pages  26  and  31,  the  average  of 
the  coefficients  for  the  two  steers  as  recorded  in  Tables  5  and  8,  pages 
27  and  32,  we  obtain  the  figures  of  Table  23  for  the  so-called  digestible 
nutrients  computed  in  the  customary  way.  The  com  meal  used  in  the 
investigations  of  1903,  reported  in  Bulletin  No.  74  of  this  bureau,  the 
availabihty  of  whose  energy  is  recalculated  on  page  50,  has  also  been 
included  in  the  table. 

Table  23. — Digestible  nutrients  in  dry  matter  of  feeding  stuffs. 


Timothy  hay. 

Wheat 
bran. 

Mixed  grain. 

Com 
meal. 

1905 

1906 

1907 

1905. 

1906 

1907 

Avenge. 

1903. 

Protein 

Percent. 

0.73 

.39 

40.89 

.96 

Percent. 

2.35 

.83 

47.89 

1.25 

Percent. 

3.02 

.24 

55.33 

1.04 

Percent. 

11.18 

.49 

47.95 

3.31 

Percent. 
12.61 

3.43 
57.05 

6.03 

Per  cent. 
13.80 

2.22 
56.50 

4.77 

Percent. 

13.20 

2.83 

56.78 
5.40 

Percent. 
6.58 

Nonprotein 

.48 

Carbohydrates » 

Ether  extract 

80.39 
4.06 

Total 

51.97 

52.32 

50.63 

62.93 

79.12 

77.29 

78.21 

91.50 

I  Sam  of  digestible  erode  fiber  and  digestible  nitrogen-free  extract. 
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From  the  results  contained  in  Table  23,  together  with  ihe  per- 
centage of  total  crude  fiber  contained  in  the  several  feeds,  we  may 
compute  their  production  values  according  to  Kellner  by  the  use  of  the 
factors  which  he  has  worked  out.     These  are:* 

Production  values  per  gram. 

Calories. 

Digestible  protein 2. 24 

Digestible  starch  and  crude  fiber 2. 36 

Digestible  cane  sugar 1.  79 

Digestible  ether  extract: 

In  coarse  fodders 4. 50 

In  cereals  and  legumes  and  their  by-products 5. 00 

In  feeds  containing  over  5  per  cent  of  fat 5.  70 

The  factor  for  the  protein  is  applied  only  to  the  true  protein,  the 
nonprotein  being  ignored  in  the  computation.  From  the  total  energy 
thus  computed  there  must  be  deducted  in  the  case  of  hay,  straw, 
and  similar  coarse  fodders  1.36  calories  and  in  the  case  of  chaff  and 
like  materials  0.66  calories  for  each  gram  of  total  crude  fiber  present. 
In  the  case  of  concentrated  feeds  the  total  is  multiphed  by  a  per- 
centage expressing  the  relative  energy  value  of  the  digestible  matter 
as  compared  with  digestible  starch  or  other  pinre  nutrients,  these 
percentages  (Wertigkeit)  being  based  on  the  results  of  experiments 
by  Kellner  which  have  not  yet  been  pubUshed  in  full.  As  applied, 
for  example,  to  the  hay  of  the  experiments  of  1907,  the  computation 
would  be  as  follows: 

In  1  gram  dry  matter. 

Calories. 

Digestible  protein 0. 0302X2. 24=0. 0676 

Digestible  carbohydrates 5533X2. 36=1. 3058 

Digestible  ether  extract 0104X4. 50=  .  0468 

1. 4202 
Total  crude  fiber 3115X1. 36=  .  4237 

Production  value 9965 

For  the  grains  used  in  these  experiments  Kellner  gives  the  follow- 
ing percentages  by  which  the  production  values  as  obtained  by  com- 
putation from  the  digestible  protein,  carbohydrates,  and  fat  are  to 
be  multiphed:  Wheat  bran,  77  per  cent;  corn  meal,  100  per  cent; 
linseed  cake,  97  per  cent.  For  a  mixture  of  these  in  the  proportion 
used  in  these  experiments  the  average  value  would  be  95  per  cent. 
Kellner's  production  values  attempt  to  show  the  amount  of  energy 
which  will  be  stored  up  in  the  body  of  an  animal  as  gain  of  flesh  and 
fat  when  a  unit  of  the  feed  is  added  to  a  ration  already  fully  sufiicient 
for  maintenance. 

1  "Die  Ernfthning  der  Landwirtschaftl.  Nutetiere,"  5th ed.,  pp.  149  and  150. 
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Table  24. — Compcariion  of  observed  oTid  oomptUed  energy  values  per  gram  dry  matter. 


Feed. 

Observed 

available 

energy. 

Computed 

production 

values. 

Computed 
-i-observed. 

Timothy  hay: 

Kxi>WlTn«nts  of  IflfVi.  ^ 

OaioHea. 
•      1.0288 
1.0567 
1.1678 

Calories, 
0.7183 
.7900 
.9965 

Per  cent. 
69.82 

Exnerliiifflits  of  1906. . , 

74.76 

Rxnertnumtflof  1907 , 

85.33 

AvmHirAof  AmisrlfiMi  timothy  hAv  ^rr 

.8525 

Wheat  bran: 

Experiments  of  1905— 

1.4773 
1.3072 

Steer  B 

ATBT&CO ••••••••••......•..•.•••.•••••.•••-••..•.-.••.«-.- 

1.3923 

1.1916 

85l58 

Mixed  grains: 

Experiments  of  1906— 

Steer  A 

1.8525 
1.6204 

Steer  B 

A.  VOTftCO  ...•....■«*'•......    ....••..«.«.«««T •r Tr«T-* 

1.7365 

1.8314 

105.47 

Experiments  of  1907— 

Steer  A 

1.8316 
1.7173 

A.  VBT&ffB  ••.•.•••««rtfr.. •...•...•«...«.,.-.,--«T.-«.*T 

1.7746 

1.7870 

100.70 

Average  of  both  yeazs— 

Steer  A 

1.8421 
1.6689 

Steer  B 

AyBTAffft  _,_ .-*....->-.-.-.r..--.T.-r,r.T,   ---,-,         .- 

1.7555 

1.8092 

103.07 

Com  meal: 

Biiwriments  nf  1903  *, -  -  - 

2.3460 

2.2^1 

95.78 

1  n.  S.  Department  of  Agriculture,  Farmers'  Bulletin  346,  p.  15. 
s  Using  corrected  availability  for  Periods  IV-II,  Table  17. 

As  was  shown  on  pages  47-50,  our  results  indicate  that  in  the  case 
of  the  grain  the  availability  was  the  same  above  and  below  the  point 
of  maintenance  and  the  very  good  agreement  between  the  observed 
and  computed  energy  values  shown  by  the  foregoing  table  in  the 
case  of  the  mixed  grain,  especially  in  the  experiments  of  1907,  appears 
entirely  in  harmony  with  this  conclusion. 

On  the  other  hand,  the  results  upon  the  hay  show  a  marked  dis- 
crepancy, the  computed  energy  value  ranging  from  70  to  85  per 
cent  of  the  observed.  The  observed  results  on  the  hay,  however, 
represent  substantially  the  availability  of  its  energy  below  the  point 
of  maintenance  and  the  comparison  perhaps  indicates  that  on  the 
light  hay  rations  used  in  these  experiments  the  availabihty  of  the 
energy  is  greater  than  when,  as  in  Kellner's  experiments,  the  hay  is 
added  to  a  liberal  basal  ration  and  when,  therefore,  the  volume  of 
the  contents  of  the  alimentary  canal  is  considerably  greater.  In 
other  words,  it  seems  not  impossible  that,  as  Kellner  has  suggested,^ 
there  may  be  an  optimum  volume  of  the  contents  of  the  digestive 
tract  below  which  the  expenditure  of  energy  in  the  mechanical  work 

1  ''Die  Emfihrong  der  Landwirtschaftl.  Nutstiere,"  5th  ed.,  p.  164. 
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of  digestion  is  not  materiaUy  affected  by  the  amount  of  food  con- 
sumed. It  is  hoped  that  subsequent  experiments  now  in  process  of 
computation  may  throw  some  light  upon  this  point. 

It  will  be  noted  that  the  results  obtained  upon  the  bran  in  1905 
show  ahnost  as  great  a  discrepancy  as  compared  with  the  computed 
as  do  those  obtained  upon  the  hay.  No  obvious  explanation  of  this 
difference  presents  itself,  although  it  may  be  noted  that  all  the  rations 
in  this  series  of  experiments  were  comparatively  light. 

THB  INTBBMBDLATS  FEEDINa  PBBIODS. 

The  prime  object  of  the  respiration-calorimeter  experiments  was  to 
compare  the  digestibility  of  the  feeding  stuffs  and  the  percentage  of 
their  energy  metaboUzable,  as  well  as  the  availability  of  the  latter, 
by  the  two  animals  and  in  the  successive  seasons.  For  these  pur- 
poses, especially  the  latter,  it  was  necessary  in  some  periods  to  give 
rations  less  in  amount  than  the  maintenance  requirement.  As 
already  stated,  there  were  four  respiration-calorimeter  periods  each 
winter,  covering  in  all,  including  prelimiDary  and  transition  feeding, 
about  three  months.  During  three  of  these  periods  the  animals  were 
on  rations  either  below  or  but  httle  above  the  maintenance  require- 
ment. The  ration  of  the  remaining  period  was  fairly  comparable  in 
kind  and  amount  with  the  feeding  during  the  remainder  of  the  year, 
but  this  period  was  interpolated  between  two  periods  of  low  feeding 
and  was  too  short  (three  to  four  weeks)  to  give  the  determination  of 
the  gain  of  live  weight  any  material  value.  During  about  three 
months  of  each  year,  therefore,  the  live  weight  of  the  animals, 
especially  of  steer  B,  was  either  at  a  standstill  or  showed  only  a  very 
moderate  gain.  During  the  remaining  nine  months  of  the  year, 
designated  as  ' 'intermediate  feeding  periods,"  the  aim  was  to  supply 
a  ration  which  should  be  sufficient  to  produce  normal  growth  but 
not  such  as  to  fatten  the  animals. 

RATIONS   CONSUMED. 

At  the  outset  of  the  investigation  and  up  to  April  12,  1906,  inclu- 
sive, with  the  exception,  as  stated,  of  the  respiration-calorimeter 
periods  of  1905,  the  grain  coiisisted  of  the  same  mixture  which  was 
employed  in  the  respiration-calorimeter  experiments  of  the  second 
and  third  years,  viz : 

Parts  by 
weight. 

Clear  com  meal 3 

Linseed  meal 3 

Wheat  bran 1 
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From  that  time  until  July  31,  1906,  inclusive,  the  grain  mixture 
consisted  of — 

Parts  by 
weight. 

Corn  and  cob  meal 3 

Linseed  meal 1 

Wheat  bran 1 

\     From  August  1  to  December  15,  1906,  the  use  of  linseed  meal  was 
discontinued,  the  grain  ration  consisting  of — 

Parts  by 
.  weight. 

Com  and  cob  meal 2 

Wheat  bran 1 

During  the  remainder  of  the  investigation  the  animals  were  either 
upon  the  rations  of  the  respiration  calorimeter  periods  or  those 
preliminary  to  them. 

The  coarse  feed  for  the  intermediate  periods  above  referred  to  con- 
sisted during  the  winter  of  mixed  clover  and  timothy  hay,  the  timothy 
predominating.  Dm-ing  the  summer  and  fall  of  each  year,  viz,  from 
July  16  to  October  5,  1905,  and  from  July  7  to  November  30,  1906, 
the  hay  was  replaced  by  the  green  soiling  crops  or  ensilage  which 
were  being  fed  to  the  dairy  herd. 

Each  animal  received,  per  1,000  pounds  live  weight,  7  pounds  of  the 
grain  mixture,  the  amount  of  feed  being  based  upon  the  average  of 
three  weighings  of  the  animal  at  the  end  of  each  month.  The 
amount  of  coarse  fodder  consumed  was  regulated  by  the  appetite  of 
the  animal. 

FEEDING  RECORD. 

The  complete  feeding  records  of  the  two  animals,  exclusive  of  the 
calorimeter  periods,  are  contained  in  Table  III  of  the  appendix. 
The  following  summary.  Table  25,  shows  the  totals  and  averages  for 
the  periods  into  which  the  feeding  naturally  divides  itself  according  to 
the  kinds  of  feed  consumed,  and  corresponding  also  to  the  grouping  of 
the  live  weight  results  in  Table  52,  page  78.  In  those  periods  in 
which  green  soiling  crops  were  fed,  the  ajr-dry  weights  consumed,  as 
computed  from  the  percentages  given  in  Table  III  of  the  appendix, 
are  recorded  as  being  most  nearly  comparable  with  the  gross  weights 
of  the  other  feeding  stuffs.  The  percentage  of  air-dry  matter  in 
the  soiling  crops  was  determined,  in  connection  with  the  observations 
on  the  dairy  herd,  upon  a  composite  daily  sample  representing  the 
entire  period  during  which  the  given  feed  was  used. 
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Table  25. — InUrmediaU  feeding  periods — Feeding  record  per  head. 


Date  of  feeding  period. 

Num- 
ber 
of 

days. 

Mixed 
hay. 

Tim- 
othy 
hay. 

Soiling 

crops, 

air-dry. 

Wheat 
bran. 

Com 
meal. 

Com 
and 
cob 

meal. 

Lin- 
seed 
meaL 

Total 

air-dry 

feed. 

Atct- 

air-(hy 
feed  per 

SUerA. 
Oct.  1  to  Dec.  10.1904. 

71 
105 
82 
69 
90 
25 
87 
50 

71 
70 
82 
59 
83 
25 
87 
50 

JQlo*. 
252.2 
258.8 
5.2 
131.7 
478.6 

KUot. 

KUot. 

KUo». 
17.73 
36.74 
29.29 
20.86 
53.09 
12.00 
72.50 
34.66 

12.49 
19.99 
23.42 
16.34 
36.35 
11.16 
68.28 
33.47 

KUot. 
53.18 

110.22 

87.86 

62.58 

6.00 

87.47 
50.97 
70.27 
49.02 

KUot. 

"168.28" 
36.00 

145.00 
69.82 

109.04 
33.48 

136.56 
66.94 

KUot. 
53.18 

110.22 
87.86 
62.58 
57.09 
12.00 

87.47 
50.97 
70.27 
49.02 
36.35 
11.16 

........ 

KUot. 
376.29 
587.98 
415.47 
357.55 
748.04 
107.40 
387.15 
850.52 

339.68 
374.63 
873.27 
318.86 
568.04 
102.80 
390.14 
316.95 

KUot. 
&30 

Apr.  2  to  July  15, 1906. 
Jtflyl6toOct.5,1905.. 
Oct.  6  to  Dec.  3, 1906.. 
Apr.  8  to  July  6, 1906.. 
Ji^y7to31, 1906 

72.00 
"79."  83* 

205.26 

6.60 
£.07 
6.06 
8.31 

47.40 

167.65 

55.94 

4.30 

Aug.  1  to  Oct.  25, 1906.  . 
Oct.  26  to  Dec.  15, 1906. 

Steer  B. 

Oct.  1  to  Doc.  10, 1904.. 

2.0 
190.6 

252.2 
234.7 
4.4 
133.6 
386.8 

4.45 

7. 01 

4.78 

May  7  to  July  15, 1906.. 

5.35 

July  16  to  Oct.  5, 1905.. 
Oct.  6  to  Dec.  3, 1905.. 
Apr.  15  to  July  6, 1906.. 
July  7  to  31, 1906 

'  70." 88* 

204.91 

4.65 
&40 

6.84 

47.00 

185.30 

55.94 

4.11 

Aug.  1  to  Oct.  25, 1906.. 

4.48 

Oct.  26  to  Deo.  15, 1906. 

160.6 



6.34 

Owing  to  his  smaller  size,  steer  B  consumed  somewhat  less  air-dry 
feed  than  did  steer  A.  In  proportion  to  his  size,  however,  he  con- 
sumed notably  more.  This  is  true  in  every  case  when  the  comparison 
is  made  per  thousand  pounds  of  Uve  weight.  If  the  comparison  is 
made  on  the  basis  of  the  two-thirds  power  of  the  live  weight  (that  is, 
approximately  in  proportion  to  the  surface),  only  one  exception  to 
the  rule  occurs. 

COMPOSITION  OF  FEEDING  STUFFS. 

Tables  26  and  1^7  contain  the  results  of  the  analyses  which  were 
made  of  the  feeding  stuffs  used  in  the  intermediate  feeding  periods 
and  in  the  digestion  and  metabolism  experiments  which  were  included 
in  those  periods.  The  results  are  grouped  under  the  same  dates 
shown  in  Table  25,  the  date  at  which  the  samples  were  taken  being 
also  shown.  Details  regarding  the  exact  period  covered  by  each 
sample,  as  well  as  other  particulars,  will  be  foimd  in  the  notes 
appended  to  the  tables.  In  a  considerable  number  of  instances  only 
the  loss  of  moisture  on  air  drying  and  the  nitrogen  in  the  air-dry 
material  were  determined.  To  facilitate  comparison  of  the  resultsi 
the  partial  dryings  have  therefore  been  tabulated.  In  a  few 
instances,  due  to  an  oversight,  the  moisture  in  the  air-dry  feeding 
stuff  was  not  determined,  and  it  has  been  necessary  to  assume  a 
figure  for  it.  These  assumed  percentages,  as  well  as  all  the  percent- 
ages affected  by  the  assumption,  are  distinguished  by  being  inclosed 
in  brackets. 
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Table  27. — Composition  of  green  forage  used  in  intermediate  feeding  periods. 


Date. 


1905. 

July  16  to  28 

July  29  to  Aug.  8. 

Aug.  9  to  14 

Aug.  15  to  31 

Sept.  1  to  5 

Sept.  6  to  20 

Sept.  21  to  Oct.  3. 
Oct.4to5 

1906. 

July7to8 

July  9  to  16 

July  17  to  20 

July  21  to  Aug.  3. 

Aug.  4  to  21 

Aug.  22  to  28 

Aug.  29  to  Sept.  2 

Sept.  3  to  7 

Sept.  8  to  21 

Sept.  22  to  30 

Oct.l  to4 

Oct.  5  to  9 

Oct.  10  to  12 

Oct.  13  to  25 


Feedstuff. 


AUalfa 

Soy  boims 

Cowpeas , 

Kafir  corn  and  cowpeas 

Alfalfa 

Cowpeas 

Com  fodder 

Clover  and  grass 

Clover  and  timothy 

Oats  and  peas 

Alfalfa 

Silage  (mixed  grasses). . 

Com  fodder 

Alfalfa 

Cowpeas 

Alfalfa 

Kafir  com  and  cowpeas 

Com  fodder 

Grass 

Alfalfa 

Com  fodder 

Cora  silage 


Alr^ 
matter  in 

fresh 
substance. 

Nitrogen 
in  air-dry 
substance. 

Per  cent. 

Percent. 

25.74 

2.70 

20.75 

2.11 

14.26 

2.75 

16.57 

1.37 

25.60 

3.11 

15.70 

2.88 

12.00 

1.83 

62.50 

2.34 

48.80 

1.40 

12.10 

2.58 

27.37 

2.60 

30.20 

2.00 

16.79 

20.71 

2.76 

17.16 

2.59 

28.36 

2.55 

13.34 

1.84 

No  sample. 

No  sample. 

No  sample. 

No  sample. 
2.67 

20.52 

No  sample. 

No  sample. 

No  sample. 

No  sample. 

NOTES   ON   COMPOSmON   OF  FEEDING   STUFFS. 

October  1  to  December  10,  1904:  During  October  and  November  long  hay  was  fed. 
On  November  26,  1904,  a  portion  of  the  same  hay  was  cut  for  the  digestion  trials  of 
December  1  to  10  and  duplicate  samples  were  taken  in  which  the  composition  of  the 
dry  matter  was  determined.  The  average  of  these  two  analyses  is  regarded  as  repre- 
senting the  composition  of  the  dry  matter  of  the  hay  used  in  the  digestion  trial  and 
also  of  that  previously  fed.  On  November  28,  when  the  feeds  were  weighed  out  for 
the  digestion  trial,  a  second  sample  was  taken  in  which  only  the  loss  in  air  drying  and 
the  nitrogen  were  determined.  The  percentage  of  moisture  in  the  air-dry  matter  has 
been  computed  on  the  assumption  that  the  nitrogen  content  was  the  same  as  the  average 
of  the  two  previous  samples. 

;  In  the  samples  of  grain  taken  during  this  period  the  determination  of  the  moisture 
in  the  air-dry  material  was  overlooked.  The  percentage  given  in  the  table  is  estimated 
from  that  found  in  similar  samples  in  these  and  previous  experiments. 

April  2  to  July  16,  1905:  From  April  2  to  26,  steer  A  was  fed  timothy  hay  from  the 
stock  used  for  the  preceding  respiration-calorimeter  experiments.  A  sample  of  the 
mixed  hay  used  during  the  remainder  of  this  time  was  taken  on  June  28,  1905,  when 
feed  was  weighed  out  for  the  digestion  and  metabolism  trial,  and  the  same  is  true  of  * 
the  sampling  of  the  grain. 

October  6  to  December  3,  1905:  On  October  4,  hay,  consisting  chiefly  of  timothy, 
was  weighed  out  and  used  until  October  30.  Beginning  October  31,  another  lot  of 
mixed  hay  containing  but  little  clover  was  used,  a  considerable  quantity  being  cut 
and  mixed.  This  hay  is  represented  by  the  samples  of  October  31  and  November  6, 
1905,  the  latter  being  taken  when  the  feed  was  weighed  out  for  the  digestion  trial. 
This  hay  was  used  up  to  December  3. 

On  October  13  and  November  4, 1905,  samples  of  the  grain  were  taken,  both  samples 
being  of  the  same  lot,  the  second  being  taken  at  the  time  when  feeds  were  weighed  out 
for  the  digestion  trials.  Another  set  of  samples  of  the  same  lot  was  taken  December  4. 
The  samples  of  October  13  and  December  4  were  subsequently  imited  and  an  analysis 
made  of  the  composite  sample. 
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April  8  to  July  6,  1906:  Mixed  hay,  represented  by  the  sample  of  October  31, 1905, 
was  fed  to  both  steers  up  to  May  18,  1906,  inclusive.  The  hay  subsequently  fed  is 
represented  by  the  sample  of  June  6,  1906,  taken  when  the  feed  was  weighed  out  for 
the  digestion  trial.  The  grain  fed  to  steer  A  up  to  April  11  is  represented  by  the  com- 
posite of  the  samples  taken  October  13,  1905,  and  December  4,  1905. 

The  samples  of  April  11  and  June  11,  1906,  represent  the  mixed  grain  fed  between 
April  12  and  June  20, 1906,  while  subsequent  to  June  20  the  grain  used  is  represented 
by  the  samples  of  June  16, 1906,  taken  when  the  feed  was  weighed  out  for  the  digestion 
trial. 

July  7  to  31, 1906:  The  grain  fed  during  this  time  was  the  same  as  that  represented 
by  the  sample  of  June  11,  1906,  in  the  previous  period. 

August  1  to  October  25, 1906:  The  grain  is  represented  by  the  samples  of  July  30  and 
October  4,  1906,  in  which  air-dry  matter  and  nitrogen  only  were  determined.  The 
first  sample  was  taken  from  the  lot  fed  from  August  1  to  October  3,  and  the  second 
sample  from  that  fed  from  October  4  to  October  25,  1906. 

October  26  to  December,  1906:  Hay  was  fed  from  the  lot  represented  by  the  sample 
of  June  18, 1906,  in  the  previous  period,  and  the  grain  was  the  same  as  that  represented 
by  the  samples  of  October  4,  1906,  in  the  previous  period. 

For  convenience  of  comparison  the  average  composition  of  the 
feeding  stuffs  used  in  the  calorimeter  experiments  is  given  in  Table  28. 

Table  28. — Compontion  of  feeding  stuffs  used  in  calorimeter  experiment. 


Componeat. 

Timothy  hay. 

Wheat  bran. 

Com  meal. 

Linseed  meal. 

igo*-6> 

1906-«i 

1806-7 » 

1904-^1 

1906-6  > 

1906-7 « 

1906-6 > 

1906-7* 

1906-6  « 

1906-7» 

Adi.               

Peret. 

4.87 

5.08 

.30 

38.14 

49.61 

2.01 

Peret. 

5.86 

6.72 

.83 

33.02 

51.01 

2.56 

Perct. 

5.01 

6.90 

.24 

31.15 

Peret. 

7.52 
14.50 

.49 
11.49 

Peret. 

6.92 
14.22 

2.62 

9.60 
61.90 

4.74 

Peret. 

7.08 
13.40 

3.10 
10.23 
62.20 

8.99 

Perct. 

1.52 

9.20 
.63 

2.13 
81.26 

5.26 

Peret. 

1.49 

9.92 

.34 

2.14 

82.07 
404 

Peret. 

5.76 
25.65 

6.50 

8.88 
44  85 

8.36 

PereL 
5.81 

T*rot«ln»... 

27.48 

Nonprotein' 

Crude  fiber 

3.80 
&83 

Nitrogen>free  extract 
Etber  extract 

54.55 
2.15 

61.88 
412 

47.44 

6l64 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Total  nitrogen 

Protaln  niiroson 

.894 
.812 

1.251 
1.075 

1.165 
1.104 

2.648 
2.544 

3.053 
2.496 

3.012 
2.361 

1.668 
1.534 

1.725 
L663 

a  047 
4664 

5.807 
4098 

1  Average  of  two  "general  samples." 

s  Average  of  samples  for  Pertoos  I  and  II. 

*  Computed  lh>m  nitrogen,  using  the  taeton  stated  in  Part  III,  page  203. 

PIOESTION  AND  METABOLISM   TRIALS. 

As  was  stated  in  the  introduction,  four  digestion  and  metabolism 
trials  were  made  in  the  course  of  the  intermediate  feeding  periods. 
The  trials  were  made  simultaneously  upon  the  two  animals,  in  the 
building  containing  the  respiration  calorimet^,  upon  the  following 
dates: 

Table  29. — Dates  of  digestion  and  metabolism  trials. 


Year. 


1904 
1006 
1905 
1906 


Preliminary  i>eriod. 


Nov.  1  to  30. 
July  1  to  5.. 
Nov.  8  to  12. 
June  20  to  26 


Excreta  collected. 


Dec.  1  to  H), 
July  6  to  15. 
Nov.  13  to  22. 
June  27  to  July  6. 
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The  purpose  of  these  trials  was  to  secure  such  data  as  was  possible 
regarding  the  actual  amounts  of  digestible  matter  and  of  metabolizable 
energy  consumed  by  the  steers  during  the  several  periods  of  the 
feeding  and  also  to  determine  by  means  of  the  nitrogen  balance  the 
rate  of  growth  of  nitrogenous  tissue  in  the  two  steers  at  different  ages. 

To  secure  the  first  of  these  objects,  the  attempt  was  made  to  have 
the  rations  in  the  digestion  trials  representative  of  those  consumed  dur-  ^ 
ing  the  intervening  time.  While,  however,  they  corresponded  quite 
closely  in  most  cases  with  those  of  the  previous  two  to  four  weeks,  the 
variations  in  the  hay  eaten  during  the  several  periods  were  not  incon- 
siderable. Consequently,  it  is  not  possible  to  apply  the  coefficients 
of  digestibility  obtained  in  the  digestion  trials  directly  to  the  averi^e 
mixed  rations  of  the  corresponding  periods.  Nevertheless,  as  will 
appear,  the  results  of  the  digestion  trials  may  be  made  the  basis  of  a 
fairly  accurate  computation  of  the  metabolizable  energy  of  the 
rations  actually  consumed.  On  the  other  hand,  the  results  of  these 
trials  afford  no  sufficient  basis  for  a  comparison  of  the  digestive 
]>owers  of  the  two  animals,  nor  of  those  of  the  same  animal  at 
different  ages. 

The  details  of  these  digestion  and  metabolism  trials  are  recorded  in 
Fart  II,  pages  187  to  199.  The  total  digestible  nutrients,  including  the 
'' digested"  energy,  in  each  trial  were  as  shown  in  the  following  table: 

Table  30. — Digested  nutrients  in  digestion  and  metabolism  trials. 


CompoiMnt. 


^^■^P-.^TW" 


Protoini 

Noopfotalni 

Grade  fiber 

NitrogBBQ-ftee  extract . 
Etber  extract 


ABh. 


Total  organic 
matter. 


Total  dry  matter. 
Total  nitrogen 


Energy 

True  protein,  esti- 
mating nonprotein 
at  avenge  of  otber 
Stilals 


Steer  A. 


Deo.  1  to 
10,1904. 


Qnmi. 
216l7 
8518 

l,8tf.6 


{ 


1,017.1 
32.8 


1,040.0 
45.6 

Qdorlea. 


151.2 


ToIyOto 
15,1906. 


Qnms. 

4oao 
7ao 

327.4 

1,067.4 

157.0 


2,015.4 
0&5 


3,011.0 
85.1 

CUoricf. 
18»75&6 


Not.  13  to 
22,1006. 


Ckams. 
406.6 
100.5 
620.4 

2,157.1 
107.5 


3,401.1 
85.0 


3,487.0 
80.6 

OOcries. 
15,600.0 


June  27  to 


Qnms. 
450.4 
106.6 
812.0 

2,090.0 
104.7 


4,553.7 
101.4 


4,745.1 
100.1 

OOoriet. 
21,024.7 


Steer  B. 


Deo.  1  to 
10, 1904. 


Orams. 
260.6 
3018 

1,338.4 


1,903.8 
87.0 


2,081.7 
45.6 

Oaloriet. 


107.0 


July  6  to 
15, 1905. 


Oram». 

840.0 
61.5 

448.5 
1,706.2 

141.8 


2,707.0 
112.5 


2,000.5 
73.4 

Calorie*. 
13,200.8 


Not.  13  to 
22,1905. 


Onms, 
363.1 
103.1 
61&7 

1,962.7 
101.7 


3,166w3 
812 


3,250.5 
70.2 

OaioHet. 
14,565.7 


June  27  to 

July  6. 

1906. 


Chwm. 

380.0 

81.2 

660.8 

2,2518 

141.6 


3,51&S 
146.1 


3,6614 
82.1 

QtkfHet. 
16,063.2 


1  Computed  from  nitrogen,  using  the  factors  stated  In  Part  JU,  page  203. 
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The  nitrogen  balances  of  the  four  trials  are  tabulated  in  Part  11, 
pages  197-199.  With  the  exception  of  the  first  trial  (Dec.  1  to  10, 
1904),  determinations  of  energy  were  made  in  the  feed  and  feces, 
while  the  eneigy  of  the  urine  was  also  determined  in  the  first,  second, 
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and  fourth  Inals.  The  results  of  the  determinations  on  the  feeds  and 
feces  are  tabulated  in  Part  II  in  connection  with  the  analyses  of 
those  materials.    Table  31  contains  the  results  on  the  urine: 

Table  31. — Energy  per  gram  of  urine. 


Date  of  experiment. 


Dec.  1  to  10, 1904 

July  6  to  16. 1906 

June  27  to  July  6, 1906 


Steer  A. 


Oalorietper 

tfTSIA. 

a  2271 
.1265 
.2949 


Steer  B. 


Oalarietper 

a2n3 

.2615 
.3010 


The  ration  of  November  13  to  22,  1905,  did  not  differ  widely  from 
that  of  June  27  to  July  6,  1906,  and  the  energy  of  the  urine  in  the 
former  trial  may  be  computed  from  that  found  in  the  latter,  in  pro- 
portion to  the  urinary  nitrogen,  without  serious  error. 

Applying  these  figures  to  the  weights  of  urine  excreted,  as  shown  in 
the  detailed  records  of  the  experiments  in  Part  II,  upon  the  assump- 
tion that  the  energy  content  of  the  spilled  urine  and  washings  was  pro- 
portional to  its  nitrogen  content,  gives  the  following  results  for  the 
total  energy  of  the  urine: 

Table  32. — Total  energy  of  daily  urine. 


Date  of  experiment. 


Dec.  1  to  10, 1904 

July  6  to  15, 1906 

Nov.  13  to  22, 1906 

June  27  to  July  6, 1906. 


Steer  A. 


Qilories. 

1.238 

1,088 

1 1,363 

1,599 


steer  B. 


i 


Oalariea. 

1,412 

1,028 

U,366 

1,361 


1  Computed  from  nitrogen. 

The  production  of  methane  in  the  digestion  trials  can  be  computed 
approximately  from  the  total  amount  of  carbohydrates  digested.  On 
the  average  of  the  respiration-calorimeter  experiments  of  1905  and  of 
1907  (compare  p.  142)  there  were  excreted  3.65  grams  of  carbon  in 
the  form  of  methane  for  each  100  grams  of  carbohydrates  (nitrogen- 
free  extract  plus  crude  fiber)  digested.  Applying  this  factor  to  these 
experiments  we  can  compute  approximately  the  loss  of  potential 
energy  in  methane  with  the  following  results : 

Table  33. — Approximate  daily  loss  of  energy  in  methane. 


Date  of  experiment. 


Dec.  1  to  10, 1904 

July  6  to  16, 1906 

Nov.  13  to  22, 1905 

June  27  to  July  6, 1906 


Steer  A. 


Oaloria. 
1,106 
1,487 
1,807 
2,474 


Steer  B. 


CUoHet. 
1,128 
1,461 
1,601 
1.897 


Combining  the  foregoing  figures  and  estimates  for  the  urine  and 
methane  with  the  data  as  to  energy  contained  in  the  detailed  report  of 
the  digestion  trials  in  Part  II,  we  may  add  to  the  nitrogen  balance  in 
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each  case  a  partial  energy  balance  showing  the  approximate  amount  of 
metabolizable  energy  contained  in  the  ration  in  each  trial.  The  energy 
of  the  estimated  hair  and  brushings  is  computed  from  the  estimated 
nitrogen,  the  average  for  the  three  series  of  respiration-calorimeter 
experiments  being  65.9  calories  per  gram  nitrogen. '  The  results  of 
this  computation  are  as  follows,  those  figures  depending  upon  esti- 
mates being  distinguished  by  brackets: 

Table  34. — Nitrogen  and  partial  energy  balances  in  digestion  trials. 


Dee.  1  to  to,  1904. 

Mixed  hay 

Wheat  bran 

Com  meal 

Linseed  meal 

Uneaten  feed 

Feces 

Urine 

Hair   and    brushings   (esti- 
mated)  

Methane .' 

Nitrogen  balance 

Metabolizable  energy 


Total 


Jtdy  6  to  16, 1905, 

Mixed  hay 

Wheat  bran 

Com  meal 

Linseed  meal 

Feces.. 

Urine 

Hair   and   brushings   (esti- 
mated)  

Methane 

Nitrogen  balance 

MetaboUzable  energy 


Total 


N^ov.  IS  to  2$,  1906. 


Mixed  hay 

Wheat  bran 

Com  meal 

New  process  Unseed  meal, 
f  eoes  .................... 

Urine 

Hair  and  brushings 

Methane 

Nitrogen  balance 

MetaboUsable  energy 


Total 


June  #7  to  Jutjf  0, 1906. 


Mixed  hay 

Wheat  bran 

Com-and-cob  meal . . . 

Linseed  meal 

Feces 

Urine 

Hair  and  brushings. . 

Methane 

Nitnwen  balance 

MetaboUsable  energy. 


^ 


Total 


Steer  A. 


Nitrogen. 


Income. 


Oramt. 

82.5 

5.8 

10.2 

37.3 


39.7 


155.5 


52.3 

8.5 

14.0 

53.5 


128.2 


Outgo. 


OravM. 


31.6 
44.0 
78.5 

[1.4] 


155.5 


43.2 
79.1 

[1.5] 


4.4 


128.2 


47.2 

9.0 

14.7 

60.5 


131.4 


90.5 
16.6 
24.2 
34.4 


L5 


167.2 


41.8 
85.0 
[1.7] 


2.9 


131.4 


65.6 
99.7 

[1.9] 


167.2 


Energy. 


Income. 


Granw. 

[13,507] 

[997 
[2,818' 
[3,294 


20,616 


10,827 
1,464 
4,208 
4,832 


21,331 


13,566 
1,422 
4,143 
4,677 


23,808 


19,769 
2,495 
7,421 
2,776 


32,461 


Outgo. 


Orams. 


[4,6821 

[7,229] 

1,238 

[1,106] 


6,269 


20.616 


7,574 
1,088 

[991 
[1,487] 


11,083 


21,331 


8,198 
[1,363] 
[112^ 
[1,807 


12,328 


23.808 


11,436 
1,509 
[125 
[2,474: 


16,827 
32,461 


Steer  B. 


Nitrogen. 


Income. 


Oram*. 

62.5 

4.1 

7.2 

26.5 


25.4 


125.7 


52.3 

6.7 

11.1 

42.3 


112.4 


49.3 

7.1 

11.6 

47.9 


115.9 


72.1 
12.0 
17.6 
24.9 


126.6 


Outgo. 


Qramt. 


13.7 
41.0 
69.8 

[1.2] 


125.7 


39.0 
65.9 

[1.2] 


6.3 


112.4 


Energy. 


Income. 


[13,5071 
[707 
[2,000 
[2,337" 


18,551 


10,827 
1,159 
3,332 
3,825 


19,143 


36.7 
72.4 
[L41 


6.4 


115.9 


44.5 
77.9 
[1.61 


2.6 


120.6 


14,197 
1,126 
3,280 
3,703 


22,306 


15,753 
1,808 
6,376 
2,011 


24,948 


Outgo. 


Oramt. 


[1,9351 

[7,384 

1,412 

[l,lS] 


6,613 


18,551 


5,852 
1,028 

[1,461] 


10,723 


19.143 


7,740 

[1,266 

[92 

[i,tei 


11,617 


22,306 


o,  oo4 

1,361 
[1051 
[1.897 


12,701 
24,948 
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As  stated  in  the  foregoing  paragraphs,  ihe  rations  consumed  in 
the  digestion  and  metabolism  trials  did  not  corre^ond  exactly  with 
the  average  of  those  consmned  in  the  corresponding  feeding  periods. 
The  differences  do  not  appear  to  be  great  enough,  however,  in  most 
cases  to  prevent  the  computation  of  a  correction  which  shall  give  at 
least  a  reasonably  accurate  result  for  the  protein  and  energy  content 
of  the  rations  of  the  entire  periods. 

Protein. — ^The  mixed  grain  in  the  respiration-calorimeter  experi- 
ments of  1906  and  1907  contained  on  the  average  17.46  per  cent  of 
protein,  which  had  a  percentage  digestibility  of  75.6,  making  the 
average  percentage  of  digestible  protein  in  the  dry  matter  13.2  per 
cent. 

Computed  from  the  composition  of  the  separate  feeds,  the  mixed 
grain  of  the  last  digestion  trial  contained  13.25  per  cent  of  protein. 
If  we  assume  the  same  percentage  digestibility  for  this  as  for  thatof 
the  other  three  periods,  viz,  75.6,  this  is  equivalent  to  10.02  per  oent 
digestible  protein  in  the  dry  matter. 

The  average  percentage  digestibility  of  the  protein  of  the  hay  in 
the  respiration-calorimeter  experiments  of  1907  was  43.7  per  cent. 
The  mixed  hay  of  the  general  feeding,  however,  contained  considerably 
more  protein,  the  percentage  ranging  from  8.26  to  12.25  as  compared 
with  6.90  in  the  timothy  hay.  We  may.  presume  that  along  with 
this  higher  proportion  of  protein  there  went  a  higher  percentage 
digestibility.  The  experiments  afford  no  means  of  computing  it 
separately,  but  we  have  arbitrarily  assumed  a  digestibility  of  50 
per  cent. 

Tabulating  the  foregoing  results,  we  have  the  following: 

Tablx  35. — DigeitibU  protein  in  dry  maUer  offeidB  in  irdermediaU  feeding  poinds. 

Date  of  experiment.  Hay.        ^y* 


Got.  1  to  Dec.  10, 190S. 

Apr.  2  to  July  15, 1906. 6.1S   V       18.30 

Oct.  6  to  Dec.   3,1905. 

Apr.  8  to  July  16, 1905 6.57  10.0B 


Hay. 

>6.79 
6.18 
4.13 
6.57 

1  Assumlxig  an  average  percentage  of  1.46  nonpioteln. 

Energy. — For  the  purpose  of  computing  corrections  for  the  eneigy 
values,  factors  may  be  derived  from  the  results  of  the  respiration- 
calorimeter  experiments. 

The  hay  used  in  the  general  feeding  was  mixed  clover  and  timothy,' 
while  that  of  the  redpiration-calorimeter  experiments  was  timothy 
alone.    The  chemical  composition  of  the  former,  however,  except 
for  the  higher  percentage  of  protein,  corresponded  fairly  well  with 
that  of  the  timothy  hay  of  the  respiration-calorimeter  experiments 
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of  1907,  especially  as  regards  the  percentage  of  crude  fiber,  and  the 
energy  results  for  the  two  animals  in  that  year  have  been  used  in 
computing  the  factor  for  the  correction. 

The  grains  in  the  first  three  digestion  and  metabolism  trials  were 
substantially  the  same  as  in  the  respiration  calorimeter  experiments 
of  1906  and  1907  as  appears  from  a  comparison  of  their  chemical 
composition  as  shown  in  Tables  26  and  28,  and  accordingly  we  may 
apply  to  the  mixture  the  average  results  for  steers  A  and  B  in  the 
two  years.  In  the  fourth  trial  (June  27  to  July  6,  1906)  the  propor- 
tions of  the  single  grains  were  different  and  com-and-cob  meal  was 
used  in  place  of  corn  meal.  Probably  these  changes  would  result  in 
a  somewhat  lower  percentage  availability,  but  simply  for  use  as  a 
correction  we  may  tentatively  assmne  the  same  factors. 

The  factors  to  be  used  for  correcting  the  energy  results,  then,  as 
derived  from  Tables  18, 20,  and  22,  pages  51, 56,  and  57,  are  as  follows: 

Tabli  36. — Estimated  energy  values  of  feeds  in  irUermediate  periods. 


Metabo- 

PeraentBge 

lizable 

availa- 

Available 

Feed. 

energy  per 

biUtyof 

energy  per 

gram  of 

metabo- 

gram  of 

dry 

llxable 

dry  matter. 

matter. 

energy. 

QUoiiet, 

Percent. 

aOorta. 

Mixed  hay 

2.067 

fi6.78 

1  16S 

Mixed  grain 

8.061 

57.  IS 

i.7n 

Applying  the  forgoing  factors  to  the  differences  between  the  hay 
and  grain  consumed  in  the  metabolism  trials  and  in  the  whole  periods, 
we  may  make  the  following  computations  of  the  protein  and  eneigy 
values  of  the  rations  consumed  in  the  several  periods. 

OCTOBER  1  TO  DECEMBER  lO,  1904. 

The  average  feed  consumption  for  the  entire  period,  computed 
from  the  data  contained  in  Tables  25  and  26,  pages  62  and  63,  as  com- 
pared with  that  of  the  digestion  trial  of  December  1  to  10,  1904,  is 
shown  in  the  following  table: 

Table  37. — Comparison  of  feed  consumed  per  day. 


Steer  A. 

St«er  B. 

Feed. 

Wbole  period,  Oct. 
1  to  Dec.  10, 19M. 

Metabolism    trial, 
Dee.  1  to  10, 1904. 

Whole  period,  Oct. 
1  to  Deo.  10, 1904. 

Metabolism     trial, 
Deo.  1  to  10, 1904. 

Fresh 
weight. 

Dry 
matter. 

Fresh 
wei^t. 

Dry 
matter. 

Fresh 
weight. 

Dry 
matter. 

Fresh 
weight. 

Dry 
mattar. 

Wbeat  bran 

Cfranu. 
250 
749 

749 

Orama, 
217 
626 
669 

OravM. 
254 
761 
761 

Oravu. 
219 
634 
673 

Onm». 
176 
528 
628 

Qmmi. 
163 
442 
472 

OraiM. 
180 
640 
640 

Onma. 
166 

Com  meal 

460 

Linseed  meal 

478 

Total  grain 

Mixed  hay 

1,748 
3,652 

1,512 
2,928 

1,776 
2,492 

1,526 
1,954 

1,232 
8,652 

1,067 
2,928 

1,260 
3,120 

1,064 
2,668 
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The  succeeding  table  shows  the  excess  or  deficiency  of  the  grain 
and  hay  consumed  in  the  whole  period  as  compared  with  the  corre- 
sponding quantities  in  the  digestion  trial,  and  the  equivalent  amounts 
of  digestible  protein  and  of  metabolizable  energy  computed  by  the 
use  of  the  factors  contained  in  Tables  35  and  36.  These  corrections, 
added  to  the  digestible  protein  and  metabolizable  energy  found  in 
the  metabolism  trial  give  the  approximate  amounts  of  the  same 
ingredients  in  the  average  ration  of  the  whole  period. 

Table  38. — Digestible  protein  and  metabolizable  energy  in  entire  period. 


Steer  A. 

Steer  D. 

Dry 

matter. 

DifTPstible 
protein. 

Metabolisar 
ble  energy. 

Dry 

matter. 

DigesUble 
protein. 

Metaboliza- 
ble energy. 

DIfferpDce  In  erain 

GrarM. 
-  13 
+974 

Grams. 
-    1.7 
+  £6.4 

Calories. 

-      40 
+2,003 

Grams. 

-  17 
+365 

Grams. 
-    2.2 
+  21.1 

Caiones. 
—      52 

Diflerenoein  nay 

+    751 

Total  correction 

+  64.7 
151.2 

+1.963 
6,2ti9 

+  18.9 
197.0 

+    i*.99 

Found  in  metabolism  trial 

6.613 

Computed  for  whole  period. . 

- 

205.9 

8,232 

215.9 

7,312 

In  tlus  instance,  the  rations  of  the  digestion  trial  diflFered  quite 
widely  as  regards  the  ratio  of  hay  to  grain  from  the  average  ration 
of  the  period,  while  the  results  obtained,  as  noted,  were  questionable, 
especially  as  regards  the  nitrogen  balance.  (Compare  pp.  192  and 
197.)  It  will  probably  be  more  accurate,  therefore,  to  compute  the 
digestible  protein  and  the  energy  values  directly  from  the  average  daily 
feed  consumed  during  the  period  by  applying  to  the  total  dry  matter 
of  the  grain  and  hay  eaten  as  shown  in  Table  37  the  same  factors  used 
above.    The  following  are  the  results  of  this  computation: 

Table  39. — Computed  digestible  protein  and  energy  per  day  in  entire  period. 


Digestible  protein grams. . 

Metabolizable  energy calories. . 

Available  energy do 


Steer  B. 


315.7 
9,289 
5,291 


APRIL  2  *  TO  JULY   15,  1905. 

A  comparison  of  the  average  daily  feed  consumed,  as  computed 
from  Tables  25  and  26,  with  the  amounts  eaten  during  the  metabolism 
trial  of  July  6  to  15, 1905,  shows  much  smaller  differences  than  in  the 
period  previously  considered. 

1  May  2  for  steer  B. 
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Table  40. — Comparison  of  feed  consumed  j>er  day. 


8teer  A. 

Steer  B. 

Feed. 

Whole  period,  Apr. 
2  to  July  15, 1905. 

Metabolism  trial, 
July  6  to  15, 1905. 

Whole  period.  May 
2  to  July  15, 1905. 

Metabolism  trial, 
July  6  to  15, 1906. 

Fresh 
weight. 

Orarru. 
350 
1,050 
1,050 

Dry 
matter. 

Fresh 
weight. 

Dry 
matter. 

Fresh 
weight 

Dry 
matter. 

Fresh 
weight 

Dry 
matter. 

Wheat  bran 

Orams. 
310 
914 
954 

Orams. 
360 
1,060 
1,060 

Orams. 
319 
940 
981 

Orams. 
286 

857 
867 

Orams. 
254 
746 
779 

Orams. 
285 

855 
855 

Ctrams. 
253 

Com  meal 

744 

TjTiff^^  TTiml 

777 

Total  grain 

Mixed  hay 

2,450 
3,150 

2,178 
2,654 

2,520 
2,800 

2,240 
2,357 

2,000 
3,353 

1,779 
2,825 

1,995 
2,800 

1,774 
2,V7 

Correcting  the  results  of  the  metabolism  trial  for  the  diflFerences  in 
the  dry  matter  of  grain  and  hay  consumed  as  compared  with  the 
whole  period,  in  the  same  manner  as  in  the  previous  case,  the  follow- 
ing results  are  obtained: 

Table  41 . — Digestible  protein  and  metabolizable  energy  per  day  in  entire  period. 


Steer  A. 

Steer  B. 

Dry 
matter. 

Digestible 
protein. 

Metaboliza- 
ble energy. 

Dry 
matter. 

Digestible 
protein. 

Metaboliza- 
ble energy. 

Difference  in  groin 

Orams. 
-  62 

+297 

Orams. 
-  8.2 
+18.2 

Calories. 
-190 
+611 

Orams. 
+    6 

+468 

Orams. 
+  0.7 

+2a7 

Calories. 
+  15 

Difference  in  hay 

+963 

Total  correction 

+10.0 
403.0 

+421 
11,083 

+29.4 
349.0 

+978 

Found  in  metabolism  trial 

10,723 

Computed  for  whole  period.. 

413.0 

11,504 

378.4 

11,701 

As  a  check  upon  the  results  of  Table  41,  the  digestible  protein  and 
metabolizable  energy  has  also  been  computed  from  the  average 
amounts  of  dry  matter  consumed  per  day  during  the  whole  period 
with  the  following  results: 

Table  42. — Computed  digestible  protein  and  metabolizable  energy  per  day  in  entire  period. 


Digestible  protein: 

From  hay grams. . 

From  grain do 

Total do 

Hetabolisable  energy: 

From  hay calories. . 

From  grain do 

Total do 


Steer  A. 


162.7 
287.5 


450.2 


5,460 
6,667 


12,127 


steer  B. 


173.2 
234.8 


308.0 


5,811 
5,446 


11,257 
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The  fairly  good  agreement  of  the  results  obtained  by  these  two 
methods  indicates  the  absence  of  any  serious  error. 

The  difference  between  the  percentage  availability  of  the  hay  and 
that  of  the  mixed  grain,  as  shown  in  Table  36,  is  so  small  that  for 
these  approximate  computations  we  may  apply  the  average  of  the 
two  results,  viz,  57.11  per  cent,  to  the  total  metabolizable  energy  of 
the  whole  ration.  Computed  in  this  way  the  available  energy  of  the 
ration  of  this  period  as  computed,  on  the  one  hand,  from  the  corrected 
results  of  the  metabolism  trial,  and,  on  the  other  hand,  from  the 
total  dry  matter  consumed,  is  as  follows:  From  digestion  trial — 
Steer  A,  6,570  calories;  steer  B,  6,682  calories.  From  dry  matter 
eaten — Steer  A,  6,925  calories;  steer  B,  6,428  calories. 

OCTOBER  6  TO  DECEMBER  3,  1905. 

Comparing  the  feed  consumed  in  the  entire  period  with  that  eaten 
in  the  digestion  trial  of  November  13  to  22,  1905,  we  obtain  the 

following  results: 

Table  43. — Compariaon  of  feed  contumsd  per  day. 


Steer  A. 

steer  B. 

Feed. 

Whole  period,  Oct. 
6  to  Dec.  3,  1905. 

Metabolism  trial, 
Nov.  13  to  22, 1905. 

Whole  period,  Oct. 
6  to  Dec.  3, 1905. 

MeUboIIsm  trial, 
Nov.  13  to  22, 1005. 

Fresh 
weight. 

Dry 
matter. 

Fresh 
weight. 

Dry 

matter. 

Fresh 
weight 

Dry 
matter. 

Fresh 
weight. 

Dry 
matter. 

Wheat  bran 

Oramt. 

354 

1,061 

1,061 

Oramt. 
310 
923 
960 

Oramt. 

360 

1,080 

1,060 

Oramt. 
316 
940 
978 

Oramt. 

2n 

831 
831 

Oramt. 
243 
723 
752 

Oramt. 
285 
855 

856 

Oramt. 
250 

Com  meal 

744 

LiDseed  meal 

774 

Total  grain 

Hay T. 

2,476 
3,585 

2,193 
3,119 

2,520 
3,440 

2,234 
3,014 

1,039 
3,466 

1,718 
3,016 

1,905 
3,600 

1,768 
3,155 

The  metabolizable  eneigy  computed  from  the  results  of  the  metab- 
olism trials  by  correcting  for  differences  in  the  amounts  of  hay  and 
grain  consumed  and  that  computed  directly  from  the  average  dry 
matter  eaten  during  the  entire  period  are  as  follows : 

Table  44. — Diffestible  protein  and  metabolizable  energy  per  day  in  entire  period. 


Steer  A. 

'     Steer  B. 

Dry 
matter. 

Digestible 
protein. 

Metabolisa- 
ble  energy. 

Dry 
matter. 

DlgesUble 
protein. 

MeUbolln- 
ble  energy. 

Dlflerenoe  In  Kraln 

Oramt. 

-  41 
+105 

Oramt. 
-5.3 
+4.3 

Oaloriet. 
-126 
+216 

Oramt. 
-  50 
-139 

Oramt. 

-  6.6 

-  5.7 

OtiorUt. 
—153 

DUIerenoe  in  Bay 

—280 

Total  oorrectlon 

-1.0 
406.6 

+  90 
12,328 

-12.3 
363.1 

-439 

Found  In  metabolism  trial 

11,517 

Comnated  i6r  whole  period. . 

405.6 

12,418 

35a8 

11,078 
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Tabls  45. — OompuUd  dignlXble  protein  and  metaholizable  energy  per  day  in  entire  period. 


Dlgntlbteprotflliir 

FromfiBj grams., 

From  grtun. do..., 

T«tal ^ do... 

MeUboBiabte  «iiersy : 

From  hay calories.. 

Ymngriin ..do.... 

'Total do.... 


Steer  A. 

Steer  B. 

128.8 
289.5 

124.6 
22&8 

418.3 

351.4 

6,417 
6,718 

6,204 
5,269 

13,130 

11,468 

The  correspoiKiiDg  availarble  enexgy,  computed  as  before^  is :  From 
digestion  trial — Steer  A,  7,092  calories;  steer  B,  6,327  calories.  From 
dry  matter  eaten — Steer  A,  7,499  calories;  steer  B,  6,546  calories. 

APBIL  8 »  TO  JULY  6,   ld06. 

In  this  period,  as  already  noted,  the  ingredients  of  the  mixed  grain 
differed  from  those  in  the  previous  periods,  com-and-cob  meal  taking 
the  place  of  com  meal,  and  the  proportions  of  tixe  single  grains  in  the 
mixture  being  different.  In  the  absence  of  any  direct  determinations 
of  the  energy  values  of  the  new  grain  mixture,  however,  we  have  used 
those  employed  in  the  previous  three  periods  for  the  other  mixtures. 
Tabulated  as  before,  the  comparison  ol  the  whole  period  with  the 
digestion  trial  of  June  27  to  Jiily  6,  1905,  gives  the  results  contained 
in  the  following  tables: 

Tablb  46. — Comparison  of  feed  consumed  per  day. 


Steer  A. 

Steer  B. 

Feed. 

Whole  period, 

Apr.  8  to  July  6, 

IQM. 

Metabolism  trial. 

June  27  to  July  6, 

1906. 

Whole  period, 

Apr.  15  to  July  6, 

1906. 

Metabolism  trial, 

June  27  to  July  6, 

1006. 

Fresh 
weight. 

Dry 
matter. 

Fresh 
weight. 

Dry 
matter. 

Fresh 
weight. 

Dry 
matter. 

Fresh 

Dry 
matter. 

Wheat  bran 

Com-and-oob  meal . . . 
Linseed  meal 

QravM. 

500 

« 1,770 

634 

GraiM. 

511 

1,525 

558 

Grami, 

685 

1,906 

685 

Grunu. 

550 

1,641 

569 

Omms. 

438 

1,314 

438 

Oramt. 

870 

1,132 

386 

Onnu. 

460 

1,880 

460 

Onmt, 
898 
1,180 
405 

Total  grain 

2,994 
5,818 

2,504 
4,0U 

8,175 
5,120 

2,760 
4,480 

2,190 
4,654 

1,807 
4,066 

2,800 
4,060 

1,992 
8,538 

lApcUlfilorstewB. 


•  Tnrindffi  67  grams  com  meaL 
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Table  47. — Digestible  protein  and  metabolizable  energy  per  day  in  entire  period. 


Steer  A. 

Steer  B. 

Dry 
matter. 

Digestible 
protein. 

Metabollx- 
able  energy. 

Dry 

matter. 

Digestible 
protein. 

Metabotto- 
ableenercy. 

niffprpnce  In  ffraln 

OratM, 
-156 
+172 

OratM. 
-  16.6 
+    9.6 

Oalortet. 
-      474 
+      354 

Oram*. 

-  95 
+498 

Omm$. 
-    9.5 
+  27.7 

CUoriet. 

-      291 

PIfferenoe  in  fifty 

+  l.QM 

Total  correction 

-    6.0 
450.4 

-      120 
16.827 

+  ia2 

38a9 

+      733 

Found  in  metabolism  trial 

12,701 

Computed  for  whole  period. . 

444.4 

16,707 

399.1 

13,434 

Table  48. — ComptUed  digestible  protein  and  metabolizable  energy  per  day  for  entire  period. 


Steer  A. 

Steer B. 

Digestible  protein: 

From  h«y. ,    _ 

,  ,  ,  ,                               ,      Franiff 

25A.8 
2S9.9 

221.8 

From  grain ... 

do 

19a  1 

do.... 

Total 

616.7 

414.9 

Metaboiltable  energy: 
Vrom  hfty ... 

calories. . 

9.485 
7,940 

8.302 

From  grain 

do 

5,807 

do... 

Total 

17,425 

14.109 

The  available  energy,  computed  as  before,  is:  From  digestion  trial — 
Steer  A,  9,542  calories;  steer  B,  7,673  calories.  From  dry  matter 
eaten — Steer  A,  9,952  calories;  steer  B,  8,058  calories. 

OCTOBER  26  TO  DECEMBER  15,   1906. 

No  digestion  and  metabolism  trials  were  made  during  this  period. 
We  are  compelled,  therefore,  to  compute  the  digestible  protein  and 
the  available  energy  of  the  average  daily  ration  from  the  total  amounts 
consumed  by  the  use  of  average  factors. 

The  average  daily  ration  which  was  consumed  during  this  period 
is  shown  in  the  table  below.  The  mixed  hay,  wheat  bran,  and  com- 
and-cob  meal  are  assumed  to  have  contained  the  same  percentage 
of  dry  matter  as  in  the  previous  period  and  the  air-dry  com  silage 
to  contain  90  per  cent  of  dry  matter. 

Table  49. — Average  feed  consumed  per  day. 


Feed. 


Mixed  hay 

Corn  silage  (air-dry  weight) 

Wheat  bran 

Com-and-cob  meal 


Steer  A. 


Fresh 
weight. 


Orams. 

3,812 

1,118 

003 

1,386 


Dry 
matter. 


OravM. 

3,305 
963 
600 

1,247 


Steer  B. 


Fresh 
weight. 


Oramt. 

3,212 

1,118 

669 

1,339 


Dry 

matter. 


Orama. 

2,785 
963 
579 

1,205 
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For  the  wheat  bran  we  may  assume  the  same  protem  and  energy- 
values  as  were  found  in  the  respiration-calorimeter  experiments  of 
1906,  and  for  the  mixed  hay  the  averages  used  in  computing  the  last 
previous  period,  as  follows: 

Digestible  protein: 

Wheat  bran per  cent. .  11. 18 

Mixed  hay do 5. 57 

Available  energy  per  gram  of  dry  matter: 

Wheat  bran calories..  1.392 

Mixed  hay do 1. 168 

No  determinations  of  the  available  energy  of  com-and-cob  meal 
are  on  record.  A  calculation  based  on  the  composition  as  shown  in 
Table  26,  using  Jordan's  coefficients  of  digestibility  and  Kellner's 
factors  for  energy  and  assuming  a  ''Wertigkeit"  of  90  per  cent, 
gives  the  following  approximate  values:  Digestible  protein,  3.93  per 
cent;  available  energy  per  gram  dry  matter,  1.76  calories. 

For  the  silage,  we  have  used  the  digestible  protein  and  available 
energy  computed  for  average  Ailierican  com  silage  in  Farmers'  Bul- 
letin 346  of  the  United  States  Department  of  Agriculture,  viz,  digest- 
ible protein  in  dry  matter,  4.73  per  cent;  available  energy  per  gram 
of  dry  matter,  1.426  calories. 

Using  these  estimates,  the  average  daily  ration  as  stated  above 
contained : 

Table  50. — CornptUed  digestible  protein  arulTtietabolimble  energy  per  day  for  entire  period. 


Feed. 


Mixed  hfiy , 

Com  silage , 

Wheat  bran 

Com-and-cob  meal . 


Steer  A. 


Digestible 
protein. 


OratM. 

184.1 

45.6 

67.1 

49.0 


345.8 


Available 
energy. 


Calories. 

3,861 

1,373 

835 

2,195 


8,264 


Steer  B. 


Digestible 
protein. 


Qrama. 

155.1 

45.6 

67.7 

47.4 


315.8 


Available 
.  energy. 


Calories. 

3,263 

1,373 

806 

2,121 


7,553 


SUMMARY  OF  AVERAGE   RATIONS  IN  THE   INTERMEDIATE   FEEDING  PERIODS. 

The  foregoing  computations  of  the  digestible  protein  and  available 
energy  of  the  average  daily  rations  in  the  several  periods  of  the 
general  feeding  are  summarized  in  the  following  table: 

Table  51. — Summary  of  average  daily  rations  per  head. 


Periods. 


Oct  1  to  Dec.  10, 1901.. 
Apr.  2  to  July  15, 1905.. 
May2  to  July  15, 1905.. 
Oct.  6  to  Dec.  3, 1905... 
Apr.  8  to  July  6, 190G... 
Apr.  15toJtily6, 1906.. 
Oct.  26  to  Dec.  15, 1906. 


Steer  A. 


Digestible 
protein. 


Qrama. 
374.4 
413.0 


406.6 
444.4 


345.8 


Available 
energy. 


Calories. 
6,075 
6,570 


7,092 
9,542 


8,264 


Steer  B. 


Digestible 
protein. 


Orams. 
816.7 


378.4 
360.8 


399.1 
315.8 


Available 
energy. 


Calories. 
5,294 


6,682 
6,327 


7,673 
7,553 
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NUTKXTiVE  EFFECT  OF  RATIONS. 


GAINS  Df  LIYB  WBIOBT. 


The  following  table  shows  the  live  weights  most  nearly  correspond- 
ing to  the  beginning  and  end  of  each  of  the  periods  into  which  the 
intermediate  feeding  was  divided,  as  shown  in  Table  25.  The  weights, 
except  where  otherwise  noted,  are  the  average  of  three  or  fire  con- 
secutive daily  weighings,  regarded  as  representing  the  average  weight 
on  the  middle  day.  Dates  have  been  selected  on  which  sueh  averages 
could  be  taken  and,  therefore,  they  do  not  in  all  cases  correspond 
exactly  with  those  of  Table  25  showing  the  feed  consumed.  The 
differences  in  this  respect  are  so  small,  however,  that  we  may  safely 
compare  the  daily  averages  of  feed  consumed  and  gains  made  with- 
out fearing  the  Latroduetion  of  any  sensible  error. 

Table  52. — Oains  in  live  vm^  in  initrmedUUB/Beding  periodB. 


■^ 


Fertodi. 


Steer  A. 

Oct.  1  to  Dec.  U,  1904 

liar.  31  to  July  13, 1006 

July  13  to  Sept.  28, 1906 

Sept.  28  to  Not.  28, 1906 

Apr.  6  to  July  4, 1906 

July  4  to  July  28, 1906 

July  28  to  Oct.  27, 1906 

Oct.  27  to  Dec  4, 1906 

Apr.  80  to  Oct.  28, 1907 

Oct.  28  to  Jaa.  4, 1906 

Totals  and  means: 

Oct  1«  1904  to  Dec.  4»  1906. 

Oct.  1, 1904,  to  Jan.  4, 1906. 

Steer  B. 

Oct.  1  to  Dec  11,1904 

May  6  to  July  13, 1906 

July  13  to  Sept.  28, 1906 

Sept.  28  to  Nov.  28, 1906 

Apr.  13  to  July  4, 1906 

July  4  to  July  28, 1906 

July  28  to  Oct.  27, 1906 

Oct.  27  to  Dec.  4, 1906 

Apr.  26  to  Oct.  28, 1907 

Oct.  28  to  Jan.  4, 190S 

Totals  and  means: 

Oct  1, 1904,  to  Dec.  4, 1906 
Oct  1, 1904,  to  Jan.  4, 1906 


Number 
of  days. 


71 
104 
77 
61 
89 
24 
91 
39 
181 
66 

665 

826 


71 
69 
77 
61 
82 
24 
91 
30 
186 
68 

514 
767 


Initial 

weight  of 

steer. 


JHlM. 

246.6 

277.0 

814.3 

360.0 

403.2 

466.1 

1466.6 

1466.8 

627.8 

1604.2 


171.0 

106.0 

233.6 

263.6 

307.0 

343.1 

1335.4 

1363.2 

884.1 

1  428.6 


Final 
iPBisbtof 

steer. 


280.7 

314.3 

360.0 

387.3 

456.1 

1466.6 

1466.8 

496.1 

1604.2 

1682.8 


216.0 

233.6 

268.5 

206.8 

343.1 

1836.4 

1363.2 

370.2 

1438.0 

1483.1 


Total 
SalQ. 


34.3 
37.3 
46.7 
27.3 
62.0 
.6 
10.2 
98.3 
66u4 
38.6 

216.4 
841.4 


44.0 
88.6 
20.0 
88.3 
86.2 
—7.7 
27.8 
16.0 
44.6 
64.5 

217.1 
ai6il 


Gain  per 
da^. 


0.482 
.350 
.604 
.448 
.504 
.021 
.112 
.736 
.367 
.668 

.426 
.414 


■660 


.616 
.420 
.321 
.306 
.410 
.341 
.801 

.^3 
.412 


Didy 

sin 
U 


,000 


L828 

L262 

1.763 

1.100 

1.382 

.046 

.MS 

1.600 

.664 

.020 

1.140 
.042 


3.213 
2.608 
1.561 
1.040 
1.318 

.873 
1.106 


1.757 
1.875 

1.: 


1  Bln^e  weighing. 

In  five  periods  out  of  nine,  omitting  the  doubtful  period  of  July 
4  to  28,  1906;  steer  B  shows  a  somewhat  greater  gain  per  head  and  a 
notably  greater  gain  per  1,000  kilograms  lire  weight  than  steer 
A,  but  taking  the  experiments  as  a  whole,  little  difference  appears 
in  the  average  daily  gain  in  live  weight  per  head.  The  average 
daily  gain  per  1,000  kilograms  up  to  December  4,  1906,  which  ter- 
minates that  portion  of  the  intermediate  feeding  for  which,  exact 
feeding  records  were  kept,  is  63  per  cent  greater  by  steer  B  than  by 
steer  A.    If  we  include  in  the  comparison  the  sununer  pasturage  in 
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1907  and  the  period  of  fattening  during  the  succeeding 
difference  is  reduced  to  34  per  cent. 


FEED  CONSUMED  PER  UNIT  OF  GAIN. 


The  feed  consumed  in  the  foregoing  periods  is  recorded  in  Table  25, 
but  the  amount  of  air-dry  matter  eaten  may  be  repeated  here  for 
readier  comparison  with  the  gains  in  Uve  weight.  Table  53  shows 
the  average  daily  consumption  of  air-dry  feed  per  head  and  also 
the  amount  eaten  per  1,000  kilograms  live  weight,  computed  both 
directly  in  proportion  to  the  weight  and  in  proportion  to  the  two- 
thirds  power  of  the  live  weight,  i.  e.,  to  the  surface. 

Table  53. — Air-dry  feed  eaten. 


Periods. 


8UerA. 

Oct.  1  to  Dec.  11, 1904 

Mar.  31  to  July  13. 1905 

July  13  to  Sept.  as.  1905 

Sept.  28  to  Nov.  ^  1906 

Apr.  6  to  July  4, 1906 

Jifly4to28,1906 

July  28  to  Oct.  27, 1906 

Oct.  27  to  Dec.  4, 1906 

AversfEe 

auerS. 

Oct  1  to  Dec.  11, 1904 

May  6  to  July  13, 1906 

July  13  to  Sept.  28, 1905 

Sept.  28  to  Nov. »,  1906: 

Apr.  13  to  July  4, 1906 

July  4  to  28, 1906 

July  28  to  Oct.  27, 1906 

Oct.  27  to  Dec.  4, 1906 

Average 


Feed  consumed  per  day. 


Per  head. 


KOoB. 

6.30 
5.60 
6.07 
6.06 
8.31 
4.30 
446 
7.01 


6.86 


4.78 
6.35 
4.65 
6.40 
6.84 
4.11 
4.48 
6.34 


5.28 


Per  1,000  kilo- 
grams avenge 
live  weight. 


W. 


KOot. 

20.11 
18.84 
14.36 
16.32 
19.34 
9.40 
9.64 
14.67 


15.73 


24.61 
24.34 
17.44 
19.31 
21.10 
11.81 
12.83 
17.08 


18.98 


Wf. 


Kilos. 

12.89 

12.66 

9.99 

11.76 

14.69 

7.24 

7.46 

11.42 


11.31 


14.17 
1469 
10.96 
12.63 
1452 
8.26 
9.03 
12.27 


12.34 


FeedooDp 
sumed 
per  kilo- 
gram 

gain  in 

live 
weight. 


KOm. 

11.00 
16l62 

8.16 

13.62 

13.99 

1)204301 

39.73 

9.66 


18.68 


7.63 
9.60 

10.96 
9.91 

16.01 


1460 
15.46 


12.37 


The  greater  consumption  of  coarse  feed  by  steer  B  on  the  limited 
grain  ration  has  already  been  noted  ajid  is  reflected  in  the  foregoing 
table.  While  the  air-dry  matter  consumed  per  head  is  greater  in 
the  case  of  steer  A,  the  consimiption  is  relatively  greater  by  steer 
B,  whether  calculated  in  proportion  to  the  weight  or  surface,  with 
a  single  exception  in  the  latter  case.  Accompanying  this  greater 
consumption  of  feed  by  steer  B  we  find  (omitting  the  doubtful 
period,  July  4  to  28,  1906)  that  in  four  cases  out  of  the  seven,  steer 
B  produced  a  unit  of  gain  in  Uve  weight  on  less  air-dry  feed  than  did 
steer  A,  the  average  of  the  whole  time  being  decidedly  in  favor  of 
the  former  animal.  Judged  merely  from  the  standpoint  of  the 
increase  in  live  weight  therefore,  steer  B  appears  to  have  been  on 
the  whole  a  more  economical  producer  than  steer  A  up  to  December 
4,  1906.    On  pasture  during  the  following  summer,  however,  steer 
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A  gained  50  per  cent  faster  per  head  than  did  steer  B  and  a  little 
more  rapidly  per  1,000  kilograms  Uve  weight.  Steer  A  reached 
a  greater  final  weight  than  steer  B,  because  he  started  the  experiment 
with  the  advantage  of  weight  in  his  favor.  He  had  more  internal 
machinery  to  work  with,  but  the  figures  do  not  indicate  that  the 
machinery  worked  any  more  efficiently  in  the  production  of  increase 
in  live  weight.  Whatever  advantage,  if  any,  steer  A  had  over  steer 
B  in  the  economical  production  of  Uve  weight  in  relation  to  total 
feed  consumed  apparently  manifested  itself  in  the  earUer  periods 
of  his  life  before  the  beginning  of  this  investigation- 


THE  PRODUCTION   OF  PROTEIN  TLB8UE. 


The  four  respiration  calorimeter  experiments  each  winter  neces- 
sarily included  determinations  of  the  nitrogen  balance.  In  one  of 
these  four  periods  (Period  II)  the  ration  was  largely  in  excess  of  the 
maintenance  requirement,  while  in  the  experiments  of  1906  and 
1907,  the  rations  of  steer  A  in  Period  I  Ukewise  proved  to  be  materially 
above  maintenance.  We  may  therefore  presume  that  in  these 
periods  the  animals  made  a  normal  gain  of  protein,  since  the  protein 
supply  in  the  ration  was  fairly  liberal.  In  addition  to  these  periods, 
the  (hgestion  trials  made  on  each  animal  during  the  intermediate 
feeding  periods  included  determinations  of  income  and  outgo  of 
nitrogen,  so  that  in  all  we  have  nine  nitrogen  balances  for  steer  A 
and  seven  for  steer  B,  exclusive  of  those  on  maintenance  or  sub- 
maintenance  rations.  The  dates  of  these  trials  and  the  rations  con- 
sumed are  brought  together  for  convenience,  in  the  following  table: 

Table  54. — List  of  nitrogen  balances. 


Date  of  trial. 


Dec.  1  to  10, 1004  . 

Feb.  9  to  18, 1905  . 

July  6  to  15, 1905  . 

Nov.  13  to  22, 1905. 

Jan.  18  to  27, 1906. 

Feb.  15  to  24, 1906. 

June  27  to  July  6, 
1905 

Jan.  31*  toFeb. 9, 
1907 

Feb.  28  to  Mar  9, 
1907 


1 

steer  A— Daily  ration. 

Hay. 

Wheat 
bran. 

Com 
meal. 

Lln.seed 
meal. 

Chums. 

13,629 

«2,250 

12,800 

13,440 

13,000 

«3,000 

16,120 

3,400 

'3,400 

Grams. 
254 
3,000 
360 
360 
300 
700 

635 

335 

800 

Oramt. 
761 

Orams. 
761  J 

1,080 

1,080 

900 

2,100 

» 1,906 

1,000 

2,400 

1,080 

1,080 

900 

2,100 

635 

1,000 

2,400 

Date  of  trial. 


Dec.  2  to  10. 1904. 
Apr.  27  to  May  6, 

1905 

July  6  to  15, 1905. 
Nov.  13  to  22, 1905 
Feb.  23  to  Mar.  3, 

1906 

June  27  to  July  6, 
]^905 

Mar.  7'to  1*6,' 1907  i 


Steer  B— Daily  ration. 


Hay. 


Gmms. 
13,629 

«2,000 
12,800 
13,600 

>2,800 

14,080 
*3,200 


Wheat 
bran. 


Grams. 
180 

2,000 
285 
285 

357 

460 
450 


Com 
meal. 


Orams. 

640 


855 
855 

1,072 

» 1,380 
1,350 


Linaeed 
meaL 


Chnmt. 
540 


855 
855 

i,on 

460 
1,350 


1  Mixed  clover  and  timothy  hay.  *  Timothy  hay.  *  Com-and-cob  meal. 

The  succeeding  table  summarizes  the  daily  gain  or  loss  of  nitrogen 
by  the  animals  in  the  foregoing  periods,  as  shown  by  the  detailed 
records  of  Part  II,  and  the  corresponding  amounts  of  protein,  obtained 
by  multipUcation  of  the  nitrogen  by  the  factor  6.0,  while  the  protein 
has  also  been  computed  per  1,000  kilograms  in  direct  proportion  to 
the  Uve  weight. 
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Table  56. — Gtnns  of  nitrogen  and  protein. 


Date  of  trial. 


Steer  A. 

Dec.  1  to  10, 1904 

Feb.  0  to  18, 1905 

July  6  to  16, 1905 

Nov.  13  to  22, 1906 

Jan.  18  to  27, 1906 

Feb.  15  to  24, 1906 

June  27  to  July  6, 1906 

Jan.  31  to  Feb.  9, 1907 

Feb.  28  to  liar.  9, 1907 

8Uer  B. 

Dec  2  to  10, 1904 

Apr.  27  to  May  6, 1905. 

Jidy  6  to  15, 1906 

Not.  13  to  22, 1905 

Feb.  23  to  Mar.  3, 1906 

June  27  to  July  6, 1906 

Mar.  7  to  16, 1907 


Age  of 
steer. 


Mndht, 
11 
13 
18 
22 
24 
25 
30j 


S8i 


13 
15 
20 
24 
28 
32 
40 


Average 

Uve 
weight. 


KOot. 
278.3 
279.1 
812.3 
379.3 
404.0 
420.7 
451.4 
498.6 
518.7 


21&5 
196.9 
232.4 
288.0 
300.6 
340.0 
386.4 


Gains  of 
nitrogen. 


Oramt, 
-  39.7 
1.8 


+ 

+ 

+ 


+ 
+ 


4.4 
2.9 
3.2 
5.7 
1.5 
11 
3.6 


+ 
+ 

+ 

+ 


2&4 
11.6 
6.3 
5l4 
1.2 
2.6 
9.6 


EquIvalentprotelD* 


Per 
head. 


Oramt, 

238.2 

10.8 

26.4 

17.4 

19.2 

34.2 

9.0 

6.6 

21.6 


+ 
+ 

+ 

+ 


+ 
+ 


+ 
+ 

+ 

+ 
+ 


152.4 
00.6 
37.8 
82.4 
7.2 
15.6 
57.6 


Per  1.000 

kilos  live 

weight. 


Orame. 
-  866.0 
38.7 


+ 
+ 
+ 
+ 


+ 
+ 


+ 
+ 
+ 

+ 

+ 


84.5 
4&9 
47.5 
81.8 
19.9 
13.2 
41.6 


707.1 
353.5 
162.6 
112.6 
23.3 
45.8 
149.1 


It  is  evident  from  the  foregoing  table  that  the  results  as  regards 
protein  are  decidedly  irregular.  Those  obtained  in  the  first  digestion 
trial  (Dec.  1  to  10,  1904),  as  already  noted,  are  plainly  erroneous, 
owing  in  part  to  the  abnormally  low  consumption  of  feed  during 
those  trials  and  in  part  probably  to  some  undetected  error.  In  the 
digestion  trial  of  June  27  to  July  6, 1906,  as  pointed  out  on  page  198, 
some  extraneous  cause  seems  to  have  affected  the  protein  katabolism, 
causixLg  a  marked  increase  during  the  10  days  on  which  the  nitrogen 
balance  was  determined.  It  seems  probable,  therefore,  that  the 
gain  of  nitrogen  shown  by  the  tables  is  lower  in  this  trial  than  properly 
corresponds  to  the  feed  consumed.  We  are  unable  to  account  for 
the  negative  nitrogen  balances  in  the  respiration  calorimeter  experi- 
ments of  February  15  to  24  and  February  24  to  March  2,  1906. 

Omitting  the  first  digestion  trial  and  accepting  the  results  of  the 
others  as  they  stand,  figure  12  shows  the  gain  of  protein  in  grams 
per  1,000  kilograms  live  weight.  With  the  exception  of  the  appar- 
ently abnormal  gain  by  steer  B  in  the  trial  from  April  27  to  May  6, 
1905,  the  results  on  the  two  animals,  notwithstanding  their  apparently 
capricious  character,  show  a  rather  striking  parallelism,  falling  to  a 
TniniTnnnn  in  the  trial  of  February,  1906,  and  rising  to  approximately 
the  original  level  in  the  last  trial.  The  cause  of  this  behavior  is  not 
obvious.  It  does  not  seem  to  be  directly  related  to  the  protein 
supply  in  the  feed.  Table  56  shows  the  digestible  protein  of  the 
rations  per  head  and  also  computed  per  1,000  kilograms  in  proportion 
to  the  live  weight.  The  minimum  protein  requirement  for  the 
maintenance  of  the  nitrogen  equilibrium  of  cattle  may  be  estimated 
at  not  far  from  500  grams  per  1,000  kilograms  live  weight.  Sub- 
tracting this  amount  from  the  digestible  protein  per  1,000  kilograms 
gives,  in  the  fifth  column  of  the  table,  the  amount  of  protein  available 
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for  the  production  of  gain  of  flesh,  while  the  fldzth,  or  last,  column 
shows  the  percentage  of  this  surplus  actually  stored  up  in  the  body 
of  the  animal  according  to  the  figures  of  Table  55. 


Fio.  12.— Qain  of  protein  per  1,000  kilograms  live  weight. 
Table  56. — Digested  protein  of  rations  in  digestion  cmd  metabolism,  trials. 


Date  of  trial. 


8ieer  A. 

Feb.  9  to  18, 1905 

July  6  to  15, 1906 

Nov.  13  to  22, 1905 

Jan.  18  to  27, 1906 

Feb.  16  to  24, 1906 

June  27  to  July  6, 1906 

Jan.  31  to  Feb.  9, 1907 

Feb.  28  to  Mar.  9, 1907 

Steer  B, 

Apr.  27  to  May  6, 1906 

July  6  to  15. 1005 

Nov.  13  to  22, 1906 

Feb.  23  to  Mar.  3, 1906 

June  27  to  July  6, 1906 

Mar.  7  to  16, 1907 


Age  of 

Bteer. 


16 
20 
24 
28 
32 
40 


Per 
head. 


Grunu. 
293.1 
403.0 
406.6 
315.8 
530.5 
450.4 
353.9 
725.4 


218.3 
349.0 
863.1 
318.1 
380.9 
467.9 


Per  1,000  kilos  live 
weight. 


Total. 


Onrnt. 

1,050.2 

1,290.3 

1,072.0 

781.7 

1,261.0 

997.8 

700.8 

1,308.3 


1,108.7 
1,501.7 
1,200.7 
1,027.4 
1,117.3 
1.211.0 


Surplus 
after  de- 
ducting 
malnte- 
nanoe. 


Oranu. 
550.2 
790.3 
572.0 
281.7 
761.0 
497.8 
309.8 
896.3 


606.7 
1,001.7 
760.7 
527.4 
617.3 
711.0 


Peroent" 
age  of 

surplus 

stored  in 

body. 


Percent, 
7.0- 

10.67 
&02 

16.86 

-  ia68 

-  4.00 
6.29 
4.03 


58.06 
16.22 
14.79 
4.42 
7.43 
20.97 
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Figure  13  shows  graphieally  the  surplus  protein  supply  per  1,000 
kil<^rams  live  weight  in  each  period.  A  comparison  with  figure  12, 
representing  the  gains  of  protein,  shows  no  obvious  relation  between 
the  two. 

The  results  recorded  in  the  last  column  of  Table  56  as  to  the  per- 
centage of  the  surplus  protein  retained  in  the  body  are  expressed 
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Fia.  13.— Bmplai  piotetn  per  1,0DQ  kilograms  tNe  wdiftt. 


graphically  in  figure  14.  The  percentage  retention  in  the  case  of  steer 
A  in  the  trial  of  January  18  to  27,  1906,  is  relatively  high.  No  corre- 
sponding result  is  available  on  steer  B  for  the  reason  that  the  energy 
of  his  total  ration  in  that  period  was  below  the  maintenance  require- 
ment, and  a  material  loss  of  fat  from  tha  body  of  the  animal  took 


Fio.  14.— Peroentage  of  surptos  protein  retained  in  body. 

place.  If  we  disregard  this  one  result  for  steer  A  and  consider  the 
broken  line  in  the  diagram  to  represent  the  course  of  his  protein  gains 
between  the  trials  of  November,  1905,  and  February,  1906,  we  find 
the  same  general  parallelism  between  the  results  on  the  two  animals 
as  in  the  case  of  the  absolute  gains.  The  rations  fed  were  lower  in 
protein  than  was  intended.    The  computed  surplus  of  protein  above 
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the  estimated  maintenance  requirement  is  in  most  cases  greater  with 
steer  B  than  with  steer  A,  but  the  fact  that  in  the  case  of  the  former 
animal  a  higher  percentage  of  this  larger  supply  was  retained  would 
not  indicate  that  the  somewhat  more  liberal  supply  of  protein  in  the 
feed  of  steer  B  was  the  cause  of  his  greater  gain,  nor  that  the  protein 
supply  was  the  limiting  factor  of  the  gain  of  protein  tissue  by 
steer  A. 

We  may  say,  then,  that  the  relative  gain  of  protein  by  the  animals 
and  the  percentage  of  the  surplus  feed  protein  which  was  retained 
in  the  body  run,  in  general,  parallel  in  the  two  animals,  but  that 
steer  B  was  superior  to  steer  A  in  both  respects.  In  spite  of  some 
irregularity  in  the  results,  therefore,  they  seem  to  indicate  quite 
clearly  that  steer  B  possessed  a  greater  tendency  to  growth  of  protein 
tissue  than  did  steer  A. 

BNBROT  STORAGE — CHARACTER  OF  QAIS  IN  UVE  WEIGHT. 

It  has  been  shown  on  pages  78  to  80  that  steer  B  made  relatively 
greater  gains  in  live  weight  than  did  steer  A  and  required  on  the 
average  a  smaller  weight  of  air-dry  feed  to  produce  a  unit  of  gain. 
The  differences  in  the  character  of  the  growth  of  the  two  animals, 
however,  as  revealed  by  the  measurements  and  photographs  taken 
and  confirmed  by  the  results  of  the  block  test  would  prepare  one  to 
expect  that  a  unit  gain  in  live  weight  might  differ  widely  at  different 
times  and  with  the  two  animals,  both  as  to  chemical  composition  and 
as  to  the  amount  of  energy  storage  which  it  represented,  and  there- 
fore as  to  its  value  as  human  food.  The  comparisons  now  to  be  pre- 
sented appear  to  confirm  this  expectation. 

BELATTVS  OJlIN  OF  FBOTIXK. 

It  has  been  shown  in  some  detail  in  preceding  paragraphs  that 
steer  B  showed  a  distinctly  greater  tendency  toward  gain  of  protein 
tissue  than  did  steer  A.  A  gain  of  protein,  however,  represents  the 
storage  of  much  less  energy  than  that  of  a  corresponding  weight  of 
fat,  and,  moreover,  a  gain  of  protein  implies  the  deposition  along  with 
it  of  three  or  four  times  its  weight  of  water.  The  tendency  of  the 
apparently  greater  ability  of  steer  B  to  store  up  protein,  therefore, 
would  be  to  make  his  gain  in  live  weight  relatively  more  rapid  than 
that  of  steer  A  on  equivalent  rations.  Part  of  this  difference  may  be 
plausibly  accounted  for  by  his  greater  increase  in  length  and  height 
with  the  accompanying  increase  in  those  structural  tissues  such  as 
bones,  ligaments,  tendons,  skin,  etc.,  which  consist  laigely  of  protein* 

PBOPOBnOK  or  fat  to  protein  in  INCBEAai. 

In  the  respiration  calorimeter  experiments  we  have  data  as  to  the 
proportions  of  protein  and  fat  gained.  A  comparison  of  the  record 
shows  that  in  every  case  in  which  there  was  a  gain  of  both  protein 
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and  fat  the  ratio  of  the  foimer  to  the  latter  was  notably  smaller  with 
steer  A  than  with  steer  B.  This  is  also  shown  by  the  following  tabu- 
lation,  in  which  the  composition  of  the  ash-free  increase  is  computed 
from  the  data  contained  in  Part  II,  assuming  fresh  lean  meat  to  con- 
tain 3.55  per  cent  nitrogen.  The  table  includes  also  two  cases  of  a 
negative  nitrogen  balance,  illustrating  the  greater  gain  of  fat  by  steer 
A  in  these  cases  also. 

Table  57. — Computed  composition  of  ash-free  gain. 


Steer  A. 

Steer  B. 

Weight. 

Per  cent. 

Weight. 

PerceDt. 

Flesh. 

Fat. 

Flesh. 

Fat. 

Flesh. 

Fat. 

Fkflh. 

Fat. 

Sipertmenucfl906. 
period  n 

Oramt, 
6a7 

90.1 
-160.6 

81.0 

101.4 

-  42.3 

Oronu. 
112.6 

136.0 
460.2 

176.7 

667.3 

70.3 

Percent. 
31.06 

4a  08 

PereerU. 
68.94 

60.07 

Cfranu. 
326.8 

* 

Granu. 
54.6 

Percent. 
86.60 

Percent. 
14.31 

Expertmeoia  €f  1906. 
FeriodI 

Periodll 

-  33.8 

122.6 

Egperimenta  of  1907. 
FerlodI    

15.00 
13.86 

86.00 
86.64 

p€riodn 

270.4 
-  67.6 

243.8 
23.9 

62.69 

47.41 

PerlodIV  

The  corresponding  energy  content  of  one  kilogram  of  the  ash-free 
gain,  computed  by  the  use  of  the  customary  factors,  is  as  follows : 

Table  58. — Energy  content  ofl  kilogram  of  ash-free  gain. 


Siperimente  of  1906. 
Period  n 

ETperimenU  of  1906. 
Period  I 

Experimentt  of  190n. 

Period  I 

Period  U 


Steer  A. 


OOmits, 
6,926 


6,183 


8,267 
8,303 


Steer  B. 


QOoriee, 
2,390 


6,143 


It  is  of  course  true  that  the  foregoing  comparisons  are  probably 
affected  by  the  total  amoimt  of  feed  eaten.  In  the  corresponding 
periods  steer  A  consumed  heavier  rations  than  steer  B,  and  this 
would  tend  to  increase  the  production  of  fat  relatively  to  that  of 
protein  tissue.  The  results  are  cited  as  indications  rather  than 
proofs  of  the  difference  in  the  character  of  the  gains  in  the  two  animals. 
It  is  to  be  noted,  however,  that  in  the  experiments  of  1907  the  ration 
of  steer  A  in  Period  I  and  that  of  steer  B  in  Period  II  were  approxi- 
mately equal  in  amount,  and  in  this  case  the  energy  content  of  1 
kilogram  of  gain  is  notably  greater  with  steer  A. 
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Another  indication  of  the  greater  proportion  of  fat  in  the  gain  made 
by  steer  A  was  obtained  in  connection  with  the  block  test.  In  the 
fattening  preliminary  to  this  test  it  was  impossible  to  bring  steer  B 
into  as  good  condition  as  steer  A,  the  latter  being  graded  as  ''prime/' 
while  steer  B  was  graded  as  "  common/'  Steer  B  produced  somewhat 
less  internal  fat  than  steer  A,  and  his  subcotaneous  fat  tissue  was 
much  less  fully  developed.  In  technical  phrasing,  his  carcass  was 
not  well  covered.    The  following  table  illustrates  these  differences: 


Tablk  59.- 

—Proportion  of  fat 

in  oarooMM. 

■ 

Anlinut* 

Live 
miCht 

Droned 
Wright. 

Per  oeot  of  live  weight. 

Suet  hi 
loin. 

Andin- 

testtaial 

hX. 

Pluck 
Cat. 

steer  A 

1,396 
1,0«5 

Pvundf. 

837.76 
68a  26 

Percent, 

2.436 

.982 

PtreetU. 

0.910 

.666 

FtreemL 
6.02 

Steer  B 

4k  60 

The  lean  meat  of  both  steers  was  ''marbled/'  but  that  of  steer  A 
to  a  much  greater  extent  than  that  of  steer  B.  It  was  not  possible 
to  analyze  the  carcasses  of  the  two  animab,  but  samples  of  the  lean 
meat  of  the  porterhouse  and  roxmd  of  each  animal  were  analyzed 
by  Mr.  W.  W.  Braman/  with  the  following  results,  the  energy  being 
computed  in  the  same  manner  as  before.  The  results  show  a  marked 
difference  in  the  energy  content  of  the  lean  meat  of  the  two  animals. 

Tablb  60. — ComposUion  of  fresh  lean  meat. 


Porterhoiue  oat. 


Ovbot  A. 


Steer  B. 


Round  out. 


Steer  A. 


oteer  b. 


Total  nitrogen percent. 

Fat do... 

Energy  per  kilogram caloriee. 


3.407 
12.71 
2,872 


8.488 

6.72 

1,881 


8.496 

6.66 

1,829 


8.Ci6 

3.34 

1,554 


EKKBOT  CONTXKT  OF  GAIN  Df  UVJt  WUOHT. 


T^e  foregoing  results  agree  ia  indicating  that  a  imxt  of  gain  in  live 
weight  by  steer  A  contained  more  potential  energy  than  in  the  case 
of  steer  B.  The  data  contained  in  Table  51  regarding  the  available 
energy  of  the  average  daily  rations  consumed  afford  a  further  test 
of  this  supposition. 

The  available  energy  of  a  feeding  stuff  or  ration,  in  the  sense  in 
which  the  term  is  here  used,  signifies  that  portion  of  its  total  energy 


1  "The  Inflnnnofl  of  Fattenhig  upon  the  Composition  of  the  Lean  Meat  of  Cattle»"  theato  for  the  degree  of 
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which  can  be  used  on  the  one  hand  to  prevent  a  loss  of  the  stored-up 
energy  of  the  body  or,  on  the  other  handf  when  supplied  in  excess  of 
the  maintenance  requirement,  is  stored  up  as  gain  of  flesh  and  fat. 
If,  then,  from  the  available  energy  of  the  rations  as  recorded  in 
Table  51,  we  deduct  the  available  energy  required  for  maintenance, 
the  remainder  will  represent  the  amount  of  energy  capable  of  being 
stored  up  in  the  body  as  the  potential  energy  of  protein  and  fat. 
In  the  following  table  this  computation  has  been  made.  The  main- 
tenance requirements  are  those  computed  on  page  55,  viz,  per  500 
kilograms  Uve  weight,  for  steer  A,  5,971  calories,  and  for  steer  B, 
7,090  calories.  The  aetual  maintenance  requirement  per  day  in 
each  case  has  been  computed  in  proportion  to  the  two-thirds  power 
of  the  live  weight  on  the  basis  of  the  average  live  weight  for  the  period 
as  shown  in  the  first  column  of  the  table.  Dividing  the  estimated 
daily  gain  of  energy  by  the  average  daily  gain  in  live  weight  gives  in 
the  last  column  the  total  energy  content  of  1  kilogram  of  gain. 

Table  61. — Energy  content  efgam  m  live  weight. 


Bats  of  trial. 


Steer  A, 


1  to  Deo.  10,1904. 

2  to  July  15,1906. 
6  to  Dec  3, 1905. 

Apr.  8  to  July  6,1906. 
Oct.  26  to  Dec.  16,1906. 


Oct. 
Apr. 
Oct. 


Steer  B. 


Oct  1  to  Dec.  10, 1904. 
May  2  to  July  15, 1906. 
Oct.  6  to  Dec.  3, 1906. 
Apr.  15  to  July  6, 1906. 
Oct.  26  to  Dec.  15, 1906. 


Average 

Uve 
weight.! 


XUot. 
263.6 
295.7 
373.7 
429.7 
481.0 


103.0 
214.3 
280.2 
325.5 
371.2 


Available 

energy 

per  day. 


Caloriee. 
6,076 
6,570 
7,092 
9,542 
8,264 


5,294 
6,682 
6,327 
7,673 
7,563 


Eati- 

mated 

main- 

tenanoe 

require- 

znent. 


Caloriee. 
Z,997 
4,207 
4.918 
5,397 
5,818 


3,760 
4,030 
4,819 
5,326 
5|813 


Esti- 
mated 
gain  of 
energy. 


Cakrriee, 
2,178 
2,363 
2,174 
4,145 
2,446 


1,834 
2,652 
1,508 
2,347 
1,740 


Average 

daily 

gain  In 

weight. 


KUoe. 

0.482 

.350 

.448 

.504 

S.726 


.620 
.559 
.546 
.429 
«.410 


Energy 

in  1 
kUogram 

gain. 


Odioriet. 
4,610 
6,583 
4,863 
6,978 
8,360 


2,474 
4,744 
2,762 
5,471 
4,244 


1  Average  of  initial  and  final  weights  as  recorded  in  Table  52  for  the  period  corresponding  most  nearly  to 
the  fBeding  period. 
*  Initial  weight  in  this  period  is  fftun  a  single  weighing. 

The  data  of  Table  61,  as  well  as  the  graphic  representation  of  the 
results  in  figure  15,  show  that  with  the  exception  of  the  last  period, 
in  which  the  true  gain  of  weight  is  somewhat  uncertain,  steer  A 
appeared  notably  superior  to  steer  B  as  regards  the  energy  content  of 
a  unit  of  gain.  We  can  hardly  err  in  ascribing  this  difference  largely 
to  the  greater  proportion  of  protein  and  accompanying  water  which 
appears  to  have  characterized  the  gain  made  by  steer  B. 

Another  interesting  point  brought  out  by  these  results  is  an  ap- 
parent seasonal  variation  in  the  energy  content  of  the  gain,  it  being 
greatest  in  the  spring  months  and  least  in  the  fall  months. 
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None  of  the  foregoing  results  can,  of  course,  be  interpreted  as  con- 
stituting a  quantitative  determination  of  the  composition  or  enei^ 
value  of  the  gains  in  live  weight.  Taken  together,  however,  they 
seem  to  be  fairly  conclusive  as  to  the  qualitative  nature  of  the  differ- 
ence in  this  res})ect  between  the  two  animals  and  to  furnish  an  ade- 
quate explanation  of  the  apparent  discrepancy  between  the  results  of 
the  determinations  of  digestibility  and  availability  of  the  feed,  on  the 
one  hand,  and  the  relatively  greater  gain  of  live  weight  by  steer  B 
on  the  other  hand. 


FiQ.  16.— Energy  content  of  1  kflogram  gain  in  live  weight. 


FEED  REQUIREMENTS   FOR  GROWTH. 

It  is  of  interest  to  compare  the  rations  consumed  and  the  gains 
made  by  these  two  steers  with  the  accepted  feed  requirements  of  such 
animals  as  formulated  in  the  current  tables  of  ''feeding  standards" 
for  growing  cattle.  The  most  recent  and  generally  accepted  of  these 
are  Kellner's  ^  which  are  expressed  in  terms  of  digestible  protein  and 
"starch  values,"  1  kilogram  starch  value  being  equivalent  to 
2,356  calories  of  energy  value.  Kellner's  standards  are  as  follows, 
the  starch  values  being  reduced  to  their  equivalents  in  energy 
value  expressed  in  "therms."' 

Tablb  62. — Kellner^s  feeding  et/mdardi  for  growing  cattle. 


AgB  In  months. 

Average 

live  weight 

per  head. 

Requirements  per  1,000 
Jdloe  live  weight. 

DigesUMe 
protein. 

Bnergy 
▼aloes. 

3to  6 

Dairv  breeda. 

Kiioa. 
140 
240 
320 
400 

150 
250 
350 
430 

Kiloi. 
2.80 
2.30 
1.80 
1.30 

8.50 
2.80 
2.20 
1.50 

Hurtiu. 
35.81 

6  to  12 

27.10 

12  to  18 

s 

21.20 

13  to  24 --- - - 

18.85 

3to  6 

Beefhreedt. 

38.88 

A  to  12 

31.81 

12  to  18 

23.56 

lflto24 

21.20 

1 "  Die  Emilhrung  der  landwlrtschaftl.  Natstiere./'  5th  ed.,  p.  61& 
t  A  therm  equals  1,000  kilogram  oalorfes. 
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The  live  weight  of  steer  A  at  the  beginning  of  the  investigation 
corresponded  with  the  weight  assumed  by  KeUner  for  animals  of  the 
same  age,  being,  if  anything,  a  trifle  higher,  but  the  weight  of  steer  B 
was  considerably  less.  The  later  weights  of  the  two  steers  can  not 
be  compared  with  those  predicated  by  KeUner  for  the  corresponding 
ages  on  account  of  the  respiration  calorimeter  experiments,  covering 
about  three  months  of  each  year,  during  which  light  rations  were  fed 
and  httle  or  no  growth  made.  We  may,  however,  compare  our 
results  with  those  expected  to  be  obtained  by  the  use  of  Kellner's 
standards  by  computing  the  average  daily  rate  of  gain  in  the  inter- 
mediate feeding  periods.  From  Kellner's  figures,  as  given  in  Table 
62,  the  expected  gain  per  day  and  head  may  be  computed  as  follows: 


Between  4^  and  0  months. 
Between  0  and  Ifi  months. 
Between  16  and  21  months 


Dali7 
breeds. 


EUo$. 
0.302 
.437 
.437 


Beef 
breeds. 


KUot, 
0.392 
.664 

.437 


The  actual  average  daily  gains  by  our  steers,  as  shown  in  Table  62, 
for  the  periods  for  which  the  protein  and  energy  content  of  the  rations 
are  computed  in  Table  51,  are  shown  also  in  Table  63,  which  likewise 
includes  what  was  called  on  page  22  the  virtual  age  of  the  animals, 
that  is,  the  age  exclusive  of  the  respiration  calorimeter  experiments. 


Table  63. — Average  daily  gains  in  live  weight. 


Periods. 


Oot. 
Apr. 

Oct. 


1  to 

2  to 
2  to 
6  to 


Apr.  8  to 
Apr.  15  to 
Oct.  26  to 


I>eo.lO,lM4. 
July  16, 1905. 
July  16, 1905. 
Dec.  3,1905. 
July  6,1906. 
July  6,1906. 
Dec.  16, 1906. 


Steer  A. 


virtual 
age. 


MonOu. 
8.6-10.9 
10.{hl4.4 


17.0-19.0 
19.0-22.0 


26.0-26.2 


Ayerage 
dally 
gain. 


£009. 
0.482 
.350 


.604 


.726 


Steer  B. 


Virtual 
age. 


MotUht. 
10.»-18.2 


13.2-15.4 
18.1-20.2 


20.2-23.1 
26.2-27.6 


Average 
daOy 
gain. 


0.620 


.660 
.640 


.420 
.410 


On  the  average  of  the  foregoing  feeding  periods,  aggregating  17.7 
months  for  steer  A  and  16.6  months  for  steer  B,  the  average  daily 
gains  per  head  were,  respectively,  0.426  kilogram  and  0.422  kilogram, 
equivalent  to  an  average  of  about  0.935  pound.  The  figures  show 
clearly  that  the  rate  of  gain  during  the  feeding  periods,  outside  of 
the  respiration  calorimeter  experiments  on  limited  rations,  was  fully 
as  great  as  that  predicated  by  KeUner  for  similar  animals  and  would 
be  very  satisfactory  in  practice  for  animals  not  being  fattened. 
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The  rations  shown  in  Table  51,  computed  to  1,000  kilograms  live 
weight  in  direct  proportion  to  the  latter,  are  as  follows: 

Table  64. — Average  raJtions  per  1,000  hUograms  live  weight. 


StMrA. 

Steer  B. 

Vtrtoalage 
inzDontba. 

Digestible 
protein. 

Energy 
values. 

VfatUBlage 
in  montbs. 

D«gertft>le 

protein. 

EnsfRf 
values. 

8.5  to  10.9 
10.9  to  14.4 
17.0  to  19.0 
19.0  to  22.0 
26.0  to  26.2 

jiniM. 

1.42 
1.40 
1.00 
1.03 
0.72 

TTurau. 
23.05 
22.22 
18.08 
22.20 
17.18 

10.9  to  13.2 
13.2  to  15.6 

18.1  to  20.2 

20.2  to  23.1 
26.2  to  27.5 

EOot. 
l.«4 
1.77 
1.25 
1.33 
0.85 

Tkeriau. 
27.43 
S1.18 
22.88 
23.87 
20.35 

ENERGY  VALUES. 


The  rations  of  steer  B  contained  in  the  earlier  periods  of  the  experi- 
ments somewhat  less  energy  value  than  the  standards  for  dairy 
breeds  call  for  and  a  somewhat  larger  amomit  during  the  later  periods. 
The  differences,  however,  are  not  very  marked.  Steer  A,  as  already 
noted,  consumed  relatively  less  feed  than  steer  B  and  consequently 
the  eneigy  value  of  his  rations  is  notably  less  in  the  earlier  periods 
than  that  called  for  by  the  standards  for  beef  breeds  and  somewhat 
less  in  the  later  periods.  On  these  rations  both  steers  made  on  the 
whole  quite  similar  gains  per  head,  which,  as  already  noted,  were 
entirely  satisfactory  from  a  practical  standpoint.  Steer  B  being  the 
lighter  animal,  his  gains  were  relatively  greater,  although,  as  has 
already  been  shown,  this  greater  relative  gain  seems  to  have  had  a 
lower  energy  value  per  unit.  Steer  A,  on  the  other  hand,  seems  to 
have  had  a  relatively  low  maintenance  requirement  and  possibly 
the  average  beef  animal  would  require  more  feed  for  this  purpose 
than  did  steer  A.  On  the  whole,  the  results  upon  these  two  animals 
indicate  that  for  simple  growth  without  material  fattening,  Kellner's 
standards  as  regards  eneigy  might  be  somewhat  reduced. 


PROTEIN  SUFPLY. 


As  regards  the  protein  supply,  we  find  a  striking  contrast  be- 
tween our  rations  and  the  accepted  standards.  Our  two  steers 
made  entirely  satisfactory  gains  on  rations  whose  digestible  protein 
ranged  in  the  case  of  steer  B  from  70  to  95  per  cent  of  the  formulated 
requirements  of  the  dairy  breeds,  and  in  the  case  of  steer  A  from  50 
to  70  per  cent  of  those  of  the  beef  breeds.  The  difference  is  greatest 
at  the  earliest  ages  and  gradually  diminishes.  One  of  us  ^  has  pre- 
viously called  attention  to  the  fact  that  the  protein  supply  called 
for  by  the  current  feeding  standards  for  growing  cattle  is  greatly  in 
excess  of  the  simi  of  the  maintenance  requirement  and  the  amount 

t  Annsby :  Bureau  of  Animal  Industry,  Bulletin  106,  pp.  27-29  and  pp.  57-4;6. 
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actually  stored  up  in  the  body,  and  that  we  have  no  recorded  deter- 
mmations  of  the  Tninimiim  protein  demands  of  such  animals.  The 
quantities  of  digestible  protein  consumed  by  the  two  steers  in  this 
investigation,  although  less  than  those  called  for  by  the  standards, 
were  still  considerably  in  excess  of  the  amotmts  calculated  in  the  pub- 
lication referred  to,  but,  on  the  other  hand,  our  results  afford  no 
proof  tbat  the  mmimum  was  reached.  Of  course  it  must  be  regarded 
as  probable  that  aokme  waale  of  xdtrogenoas  matter  would  be  involved 
in  the  chemical  reconstitution  necessary  in  changing  food  protein  to 
body  protein,  while  it  is  not  impossible  that  a  certain  surplus  of  pro- 
tein may  be  necessary  for,  or  at  least  favorable  to,  growth.  The 
tendency  of  recent  investigations,  however,  h  to  show  that  in  all 
branches  of  feeding  the  minimum  protein  requirement  has  been  con- 
siderably exaggerated.  This  has  been  shown  to  be  true  of  the  main- 
tenance requirement  and  of  the  requirement  for  milk  production, 
while  our  results  suggest  that  it  is  also  true  for  growth.  At  any  rate 
this  branch  of  the  subject  seems  wartfay  of  further  investigation. 


t^'memi'  -«*«» 


PAXT  n.  dbtahs  of  bespiratiov  calobdebteb  expebi- 

MEFTS  AVD  OF  DIOESTIOV  AVD  METABOUSK  TRIALS. 

In  the  following  pages  are  recorded  the  details  of  the  respiration- 
calorimeter  experiments  of  1905,  1906,  and  1907,  whose  general  plan 
has  been  stated  on  pages  23-25,  and  whose  resiilts  have  been  dis- 
cussed in  Part  I,  and  likewise  the  particulars  of  the  digestion  and 
metabolism  trials  made  during  the  intermediate  feeding  periods  as 
described  in  Part  I,  pages  66-77,  in  connection  with  the  discussion 
of  the  protein  and  energy  content  of  the  rations  consumed. 

EBSPIBATION  CALOBDCBTBB  EZPEEIMBNTS  OF  1906. 

FEEDING   STUFFS. 

Ha/y. — ^The  hay  used  was  nearly  pure  timothy  hay  grown  upon  the 
experiment  station  farm.  It  contained  a  slight  admixture  of  red 
clover,  but  was  the  purest  available.  It  was  cut  during  the  last 
week  in  June,  1904,  was  housed  in  good  condition,  and  when  taken 
from  the  mow  was  very  bright  and  showed  no  effects  of  one  slight 
rain  to  which  it  was  exposed  during  curing.  Two  tons  of  this  hay 
were  cut  to  4  to  5  centimeter  lengths  on  November  26,  1904.  On 
November  29  the  cut  hay,  which  in  the  meantime  had  lain  on  the 
bam  floor  protected  from  the  weather,  was  thoroughly  mixed,  and 
two  general  samples  drawn  for  determination  of  the  composition  of 
the  dry  matter.  The  hay  was  stored  in  the  loft  of  the  bam,  pro- 
tected from  the  weather,  and  as  portions  were  weighed  out  for  the 
successive  periods  samples  were  taken  for  analysis.  Table  65  shows 
the  composition  of  the  two  general  samples  and  of  the  seven  samples 
taken  during  the  progress  of  the  experiments.  The  good  general 
agreement  of  these  nine  analyses  shows  that  a  reasonably  uniform 
material  was  used  throughout  the  experiment. 
92 
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Table  65.— Composition  of  dry  matter  of  timothy  hay,  1905. 


Components. 


Ash 

Protein! 

Nonprotein! 

Cniae  fiber 

Nitrogen-free  extract 
Ether  extract 

Total  nitrogen. 

Protein  nitrogen 

Carbon. 

Hydrogen. 

Energy  (calories  per 
gram) 


General  samples. 


C. 


Per  d. 

4.78 

4.74 

.50 

37.72 

50.12 

2.05 


100.00 


.884 

.750 

46.795 

6.521 

CaUh 

Ties. 

4.4300 


Peret. 

4.06 

5.41 

.18 

38.57 

48.01 

1.07 


100.00 


.004 

.866 

46.002 

6.063 

Calo- 
ries. 
4.4218 


Aver- 
age. 


Peret. 

4.87 

5.08 

.30 

38.14 

40.51 

2.01 


100.00 


.804 

.812 

46.840 

6.302 

Colo- 

riea. 

4.4300 


Samples  taken  during  experiments. 


Period 
l,both 
steers. 


Peret. 

4.13 

4.56 

.78 

38.23 

50.32 

1.08 


100.00 


.806 

.730 

47.304 

6.032 

Colo- 

riet. 

4.4000 


Period 

1,  steer 
A  only. 


Peret. 

4.30 

5.21 

.40 

37.61 

50.41 

2.07 


100.00 


.010 

.834 

47.482 

6.012 

CaUh 

riet. 

4.4057 


Period 

2,  steer 
A,  and 
Period 

3,  steer 
B. 


Peret. 

4.25 

4.06 

.52 

30.35 

40.08 

1.84 


100.00 


.004 

.703 

47.030 

6.033 

Caio- 

riet. 

4.4064 


Period 

2,  steer 

B. 


Peret. 

4.60 

6.06 

.07 

38.16 

40.42 

1.60 


100.00 


Period 
3,  steer 


Peret. 

4.07 

5.00 

.77 

39.04 

48.30 

1.74 


100.00 


.085 

.070 

47.282 

7.340 

Calo- 
ries. 
4.4826 


.077 

.814 

47.272 

6.331 

Calo- 
ries. 
4.5015 


Period 
4,  steer 


Peret. 

4.26 

4.26 

.71 

40.17 

48.75 

1.85 


100.00 


.831 

.681 

46.985 

6.031 

Calo- 
ries. 
4.4882 


Period 

4,  steer 

B. 


Per  dm 
4.05 
4.26 
1.11 
39.20 
40.40 
1.06 


100.00 


.918 

.682 

46.967 

5.679 

Calo- 
ries. 
4.4828 


!  Computed  from  nitrogen,  using  the  factors  stated  in  Part  III,  page  203. 

WTuat  bran, — Fresh  bran  purchased  directly  from  the  Tnill  was 
used.  About  500  kilograms  were  thoroughly  mixed  and  two  general 
samples  taken  for  determination  of  the  composition  of  the  dry 
matter.  The  remainder  was  stored,  protected  from  moisture  and 
yermin,  and  further  samples  were  taken  as  the  bran  was  weighed 
out  for  the  several  periods  in  which  it  was  used.  The  results  of  all 
the  analyses  are  contamed  in  the  table  below  and  indicate  a  satis- 
factory degree  of  uniformity  in  the  bran,  as  was  the  case  with  the 
hay. 

Table  66. — Composition  of  dry  matter  of  wheat  &ran,  1906. 


Components. 


Ash 

Proteini 

Nonprotein  > 

Crude  fiber 

Nitrogen<4ee  extract 

Ether  extract 

Total  nitrogen 

Protein  nitrogen. 

Carbon 

Hydrogen 

Energy  (calories  per  gram) 


Oeneral  samples. 


E. 


Per  cent, 

7.38 

14.40 

.66 

11.48 

61.84 

4.15 


100.00 


2.683 

2.542 

46.781 

6.628 

Calories. 
4.5340 


P. 


Percent, 

7.66 

14.51 

.32 

11.51 

61.02 

4.08 


100.00 


2.613 

2.546 

46.003 

6.007 

Calories. 
4.5205 


Average. 


Per  cent. 

7.52 

14.50 

.40 

11.40 

61.88 

4.12 


100.00 


2.648 

2.544 

46.302 

6.768 

Calories. 
4.5318 


Samples  taken  during  experiments. 


Period  1, 

both 

steers. 


Pereent. 

7.33 

15.27 

.50 

10.70 

61.30 

4.81 


100.00 


2.784 

2.678 

46.070 

6.141 

Calories. 
4.5651 


Period  1, 

steer  A 

only. 


Percent. 

7.55 

14.31 

.88 

10.64 

61.05 

4.67 


100.00 


2.608 

2.510 

45.623 

6.581 

Calories. 
4.5238 


Period  2, 
steer  A. 


PereenL 

7.54 

14.74 

.85 

11.29 

61.31 

4.27 


100.00 


2.767 

2.586 

46.740 

6.392 

Calories. 
4.5584 


Period  2, 
steer  B. 


Percent. 

7.45 
13.90 

1.11 
10.44 
62.15 

4.95 


100.00 


2.674 

2.438 

44.379 

7.150 

Calories. 
4.4608 


>  Oompated  from  nitrogen,  using  the  factors  stated  in  Part  m,  page  203. 


94      INFLUENCE  OF  TYFB  AND  AGS  ON   UTILIZATION   OF  FEED. 


PBBIOD8  AND  RATIONS. 

Beginning  on  December  10,  1904,  the  feed  of  the  animals  was 
changed  to  timothy  hay  and  wheat  bran  and  the  ration  brought 
gradually  to  that  assigned  to  the  first  period.  The  several  periods 
and  rations  were  as  shown  in  tables  67  and  68,  the  dates  being  inclu- 
sive in  all  cases.  Throughout  this  investigation  the  term  ''day" 
signifies  the  24  hours  ending  upon  the  date  named. 

It  was  found  necessary,  as  appears  from  Table  67,  to  postpone 
Period  II  for  steer  B  until  the  veiy  close  of  the  experiments.  The 
same  number,  however,  was  retained  for  this  period  so  as  to  facili- 
tate comparisons  between  the  different  periods  and  animals. 

The  ration  fed  during  the  transition  feeding  differed  only  in  amount 
and  not  in  kind  of  feeding  stuffs  from  that  of  the  periods  proper.  As 
a  matter  of  convenience  in  connection  with  the  calorimeter  experi- 
ments, the  hour  of  6  p.  m.  was  taken  as  the  beginning  and  aiding  of 
tho  day.  Approximately  one-half  of  the  feed  was  given  at  6  p.  m. 
and  the  remainder  12  houni  later.  The  weight  of  the  animal  was 
taken  daily  at  1  p.  m.,  24  hours  after  the  last  watering.  The  rectal 
temperature  was  then  taken  and  the  animal  was  watered  and  re- 
weighed,  the  difference  between  the  two  weighings  representing  the 
amount  of  water  consumed.  On  the  days  when  the  animal  was  in 
the  calorimeter  the  live  weight  was  taken  immediately  before  enter- 
ing and  immediately  after  leaving  the  apparatus  and  the  animal 
was  watered  immediately  after  the  morning  feeding  at  6  a.  m. 

Tabu  67.— PmbA,  1905. 


Periods. 


I 

Transition  feed 

in«. 
II 

Tnnattlon  feed- 
ing, 
m 

Transition  feed- 
ing. 
ivT! 


StearA. 


Preliminary  ieedii^. 


Dec.  16. 1904,  to  Jan. 

4,1905. 
Jan.  23  to 28, 1906... 


Jan.  29  to  Feb.  S, 
190S. 


P«b.  19  to  Mar.  1, 

1906. 
Mar.  12  to  18, 1906... 


ICar.  19to22, 1906.. 


ExcrataooHeeted. 


Jan.  6  to  22, 1906. 


Feb.  9  to  18, 1906. 


Mtf .  2  to  II,  1906. 


Mar.  28  to  Apr.  I, 
1906. 


Steer B. 


Preliminary  feeding. 


Dec.  16, 1904,  to  Jan. 

18,1906. 
Mar.  26  to  Apr.  1, 

1906. 
Apr.  2  to 20, 1906... 

Jan.  20  to  Feb.  4, 

1906. 
Feb.  6  to  16, 1906.... 

Feb.  90  to  28, 1906... 

Feb.  29  to  Mar.  16, 
1906. 


Excreta  ooDected. 


Jan.  19  to  28, 1906. 

Apr.  27  to  May  6, 
1006. 

Feb.  16  to  26, 1906. 
Mar.  16  to  25, 1996. 


Table  68.— DoiZy  rations,  1905, 


Steer  A. 

Steer B. 

Pei1o(taL 

Timothy 
hay. 

Wbeat 
bran. 

Timothy 
bay. 

Wheat 
bran. 

1 

KOot, 
2.26 
2.26 
2.25 
4.00 

KUo». 
1.60 
8.00 

2.00 
2.00 
2.00 
3.00 

KOo9. 
1.20 

11 

2. 00 

ni 

IV 
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DIOESTIBILITY  OP  TOTAL  RATIONS. 

A  uniform  aliquot  sample  of  the  fresh  feces  was  set  aside  daily  and 
preserved  in  a  cold  place  with  the  addition  of  a  small  amount  of  carbon 
bisulphid.  At  the  close  of  the  period  the  total  nitrogen  was  deter- 
mined in  the  mixed  fresh  feces  and  the  other  ingredients  in  an  air- 
dried  sample.  The  daily  weights  of  the  excreta,  together  with  the 
live  weights  of  the  animals,  weight  of  water  consumed,  and  the 
composition  of  the  dry  matter  of  the  feces  and  of  the  feed  refused 
are  recorded  in  Tables  IV,  V,  and  VI  of  the  appendix.  From  the  data 
there  recorded  the  digestibility  of  the  several  rations  is  computed 
in  the  following  tables. 

In  Period  I  the  feed  was  not  readily  eaten  by  steer  B  and  salt  was 
used  to  render  it  more  palatable.  In  the  computations  of  digesti- 
bility the  uneaten  residues  in  this  period  have  been  corrected  for  the 
salt  which  they  contained  on  the  basis  of  a  determination  of  soluble 
chlorin.  A  smaUer  but  similar  correction  is  also  made  in  Period  IV 
Mrith  the  same  animal. 

Table  69.— Feed  and  excreta— Period  1, 1906. 


Steer  A. 

Steer  B. 

FMd  and  feces. 

Number 
of  days. 

Fresh 
weight. 

Dry  matter. 

Number 
of  days. 

Fresh 
weight. 

Dry  matter. 

Timothy  hay: 

Total 

18 

Oravu. 

40,500.0 

2,250.0 

28,800.0 
1,600.0 

Percent. 
87.91 

Oravu. 

35,602.2 

1,977.8 

24,664.2 
1,370.2 

10 

Oranu. 

20,000.0 

2,UU0.0 

12,000.0 
1,200.0 

623.0 

423.0 

45.2 

1,091.2 

109.1 

Percent 
88.50 

Orame. 
17,699.8 

Offered  Dor  day . . 

1,770.0 
10,324.8 

Wheat  bran: 

Total 

IB 

85.64 

10 

86.04 

Offered  oer  day. . 

1,032.5 

Uneaten  readnes: 
Jan.  24 

80.15 
89.76 
90.05 

^mAf*  V 

Jan.  26 

379.8 

Jan.  25  and  26 

40.7 

Total 

10 

919.8 

Uneaten  ner  day. 

92.0 

Feces: 

Collected 

18 

136,460.0 

25.0 

9.2 

18.75 

25,394.7 

12.7 

2.2 

10 

55,265.0 

20.17 

11,140.9 

SpIUedJan.l9 

Spilled  Jan.  23 

Spilled  Jan.  26 

66.7 

44.84 

29.9 

In  dnct  Jan.  19. . . 

48.2 

45.8 

In  duct  Jan.  27. . . 

42.0 
16.2 

94.71 

39.8 

In  duct  Jan.  28... 

4.1 

Total 

135,5^.0 
7,530.0 

25,4'>fi.4 
1,414.2 

55,389.9 
5,639.0 

11,220.7 

Excreted    per 
day 

1,122.1 

■tm^m^   .......... 
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Tablb  70.—I>%ge8tUnl%ly  of  raHova^Period  1, 1905. 


Feed  and  feoea. 

Dry 
matter. 

Ash. 

Organic 
matter. 

Pro- 
tein. 

Non- 
protein. 

Crude 
fiber. 

Nitro- 
gen-free 
extract 

Ether 
ex- 
tract. 

To- 
ta] 
ni- 
tro- 
gen. 

Carbon. 

dro- 
gen. 

Eneigj^ 

StmA, 

Timothy  hftyi.. 
Wheat  Sran.... 

Qnmu. 
1,077.8 
1,370.2 

QVM. 

83.5 
101. 0 

Onrnt. 
1,804.3 
1,268.3 

Om*. 

06.5 

202.7 

Onma, 

11.6 

9.5 

Omi. 
749.9 
146.0 

Qrvm; 
006.6 
844. 3 

Qmt. 
30.8 
64.0 

18.0 
37.5 

(Trnnw. 
038.2 

627.5 

Om9. 

110.1 
87.2 

Celoriet. 

8.886.8 

6,226.6 

Total.... 
Feces 

3,348.0 
1,414.2 

185.4 
109.0 

3.162.6 
1.304.3 

299.2 
139.0 

21.1 

896.8 
501.5 

1,840.8 
636.0 

104.7 
26.0 

55.5 
22.2 

1,565.7 
666.1 

206.3 
77.4 

15,113.4 
6,525.3 

Digested. 
Percentage  dl- 
gesttbfflty.... 

1,833.8 
57.78 

75.5 
40.74 

1.858.3 
58.75 

160.2 
53.54 

21.1 
[100.00] 

305.3 
44.08 

1,203.0 
65.40 

77.8  33.3 
74.30*60.00 

899.6 
57.46 

128.0 
62.48 

8,588.1 
56.83 

Timothy  hay... 
Wheat  Sran 

1,770.0 
1,032.5 

73.1 
75.7 

1,606.0 
056.8 

80.7 
157.7 

13.8 
5.1 

676.7 

111.4 

800.7 
632.0 

35.0 
40.7 

15.0 
28.7 

838.0 
474.7 

106.8 
63.4 

7,948.0 
4,n3.5 

Total.... 

2,802.5 

148.8 

2,653.7 

238.4 

18.9   788.1 

1 

1,523.6 

84.7 

44.6 

1,313.6 

170.2  '12,662.4 

UuMiten: 

Jan.  24 

Jan.  26 

Jan.  25.25.. 

>49.0 

38.0 

4.1 

4.0 

2.8 

.4 

45.0 

35.2 

3.7 

6.8 

4.6 

.6 

.8 
.2 
.0 

7.7 

8.1 

.7 

27.8 

21.0 

2.2 

1.0 

1.3 

.2 

1.3 
.8 
.1 

22.2 

17.4 
1.0 

3.4 

1.8 
.3 

214.8 

17a  7 

18.3 

Total.... 

02.0 

8.1 

83.9 

12.0 

1.0 

16.5 

51.0 

3.4 

2.2 

41.5 

5.5         403.8 

Eaten. 

Feces 

2.710.5 
1.122.1 

140.7 
08.4 

2.569.8 
1,023.7 

226.4 
108.9 

17.9  i77L6 
394. 4 

1,472.6 
480.0 

81.3 
30.5 

42.4 
17.4 

1,272.1 
530.3 

164.7 
63.5 

12.258.6 
5,252.6 

Digested. 
Percentage  dl- 
gestlblUty.... 

1,588.4 
58.60 

42.3 
30.06 

1,546.1 
60.16 

117.5 
51.90 

17.9 
100.0 

377.2 
48.89 

082.7 
66.73 

50.8 
62.48 

25.0 
58.96 

741.8 
58.31 

101.2 
61.45 

7,006.0 
57.15 

1  The  average  composition  of  the  two  samples  taken  for  steer  A  is  used  In  computing  the  digestibility. 
>  Exclusive  of  6.8  grams  of  salt. 

Tablb  71.— Feed  and  excreta— Period  II,  1905. 


Steer  A. 

Steer  B. 

Feed  and  feces. 

Num- 
ber of 
days. 

Fresh 
weight. 

Dry  matter. 

Nimi- 
berof 
days. 

Fresh 
weight. 

Dry  matter. 

Ttanothy  hay: 

Total 

10 

Qramt. 

22,500.0 

2,250.0 

30,000.0 
3.000.0 

Percent. 
88.69 

Onmt. 

19.955.7 
1,995.6 

25.832.7 
2,.'>X3.2 

10 
10 

Qramt. 

20.000.0 

2,000.0 

20.000.0 
2,000.0 

PereenL 
88.96 

Oronu. 
17.700  0 

Offered  per  day 

1,770.0 
18.036.0 

Wheat  bran: 

Total 

10 

86.11 

00.13 

Offered  per  day 

1.802.6 

Ftees: 

Collected 

10 

04,840.0 
620.4 

18.49 
27.02 

17,538.8 
170.1 

10 

68,600.0 

10.96 

13,680.2 

Spilled  Feb.  17 

Spilled  May  5 

54.6 

45.24 

24.7 

In  duct  Feb.  16 

370.2 
378.3 

23.37 
25.44 

91.0 
06.3 

Induct  Feb.  18 

In  duct  May  4 

179.5 
42.0 

20.62 
25.48 

37  0 

In  duct  May  6 

10.7 

■ 

Total 

06,217.0 
0,621.8 

17,896.2 
1,789.6 

68,876.1 
6,887.6 

13.761.6 
1,376.2 

Excreted  per  day. . . 
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Table  n.—DiqeatibUUy  of  rations— Period  11, 1905, 


Dry 
matter. 

Aah. 

Organic 
matter. 

Pro- 
tein. 

Non- 
pro- 
tein. 

Crude 
fiber. 

Nitio- 
gen-free 
extract. 

Ether 
ex- 
tract. 

Total 
nitro- 
gen. 

Carbon. 

dro- 
gen. 

Energy. 

SUerA. 

Tlmothv  hay... 
Wheat  Bran 

Qrame. 
1,996.6 
2,583.2 

Onu. 

84.8 

194.8 

Orame. 
I,9ia8 
2,38&4 

Ovu. 

99.0 

380.8 

Onu. 
10.4 
21.9 

Orama. 
786.3 
291.6 

Qrame. 

979.4 

1,683.8 

Qma, 

36.7 

110.3 

Qma. 
18.0 
71.6 

Qrams. 

938.7 

1,181.6 

Qms. 
120.4 
166.1 

CalorieB. 
8,797.4 
11,775.3 

Feces 

4,578.8 
1,789l6 

279.6 
144.2 

4,299.2 
1,645.4 

479.8 
186.7 

32.3 

1,076.9 
601.3 

2,563.2 
816.2 

147.0 
41.2 

80.5 
29.9 

2,120.3 
844.0 

285.5 
104.4 

20,572.7 
8,261.0 

Digested. 
Percentage  df- 
gestibiirty.... 

3,789.2 
6a  91 

136.4 
48.43 

2,653.8 
61.73 

293.1 
61.09 

32.3 
100.0 

475.6 
44.16 

1,747.0 
68.16 

106.8 
71.97 

59.6 
6a  69 

l,27a3 
60.19 

181.1 
63.43 

12,311.7 
50.84 

Steer  B, 

Timothy  hay... 
Wheat  Sran 

1,779.0 
1,802.6 

81.8 
134.3 

1,697.2 
1,668.3 

107.8 
260.6 

1.2 

2ao 

678l9 
188.2 

879.2 
1,120.3 

30.1 
89.2 

17.6 
48.2 

841.1 

8oao 

130.6 
128.9 

7,974.5 
8,041.0 

Feces 

3,581.6 
1,376.2 

216.1 
130.0 

3,365.5 
1,246.2 

358.4 
140.1 

21.2 

867.1 
46&6 

1,999.6 
60Z1 

119.3 
35.4 

66.7 
22.4 

1,641.1 
636.0 

25a6 
92.9 

16,015.6 
6,297.9 

Digested. 
Feroentage  di- 
gestiMUty.... 

2,206.4 
61.57 

86.1 
39.84 

2,119.3 
62.97 

21&3 
60.91 

21.2 
100.0 

39&6 
45.96 

1,397.4 
69.80 

83.9 
7a  33 

43.3 
66.91 

1,005.1 
61.25 

166.6 
64.20 

9,717.6 
60.68 

Table  IZ.—Feed  and  excreta— Period  III,  1905. 

Steer  A. 

Steer  B. 

Feed  and  feces. 

Num- 
ber of 
days. 

Fresh 
weight. 

Dry  matter. 

Num- 
ber of 
days. 

Fresh 
weight 

Dry  matter. 

Timothy  hay: 

Total 

10 

Grame, 

22,500.0 

2,260.0 

Percent. 
88.93 

Orame. 

20,009.9 

2,001.0 

10 

Oramt. 

20,000.0 

2,000.0 

Percent. 
88.69 

Oranu. 
17,738.4 

Offered  per  da7. ..... 

1,773.8 

Feces: 

Collected 

10 

44,406.0 

20.36 

9,035.5 

10 

36,550.0 
1.4 

21.88 
92.86 

7,99a7 

Bpilled.  Feb.  22 

1.3 

SDilled.  Mar.  10 

26.2 

63.24 

15.9 

fn  AxwL  Feb.  23 

ia8 

21.4 

33.33 
27.11 

3.6 

Induct,  Feb.  25 

5.8 

In  duct.  Mar.  9    .... 

15&6 
9.0 

23.60 
37.36 

37.4 
3.3 

Tfi  diict.  If  ftr.  1 1  -  -  - 

Total 

44,697.7 
4,469.8 

9,092.1 
909.2 

36,683.6 
3,658.4 

, 

8,007.4 

Excreted  ner  dav. . 

800.7 

Table  74. — DigeatifnlUy  ofratwM — Period  III,  1905. 


Dry 
matter. 

Ash. 

Organic 
matter. 

Pro- 
tein. 

Non- 
pro- 
tein. 

Crude 
fiber. 

Nitro- 
gen-free 
extract. 

Ether 
ex- 
tract. 

Total 
nitro- 
gen. 

Carbon. 

dro- 
gen. 

Energy. 

Steer  A. 

Timothy  hay.. 
Feces 

Orame. 

2,001.0 

909.2 

Qme. 
81.4 
51.6 

Qraim. 

1,919.6 

857.6 

Ome. 

101.9 

78.3 

Qne. 
16.4 

Qme. 
799.2 
863.1 

Omt. 
968.3 
396.9 

Qme. 
84.8 
19.3 

OfM. 

19.5 
12.6 

Ome. 
945.9 
459.7 

Qms. 

126.7 

52.5 

CdU, 
9,007.6 
4,419.3 

Digested. 
Percentage  dl- 
gestlbiUty... 

1,091.8 
54.56 

29.8 
36.61 

1,062.0 
66.32 

23.6 
23.16 

15.4 
100.00 

436.1 
64.57 

571.4 
69.01 

15.6 
44.54 

7.0 
3a  22 

48a2 
51.40 

74.2 
68.56 

4,588.2 
50.94 

StierB. 

Timothy  hay.. 
Feces 

1,773.8 
800.7 

76.4 
47.0 

1,608.4 
763.7 

88.0 
79.1 

9.2 

698.0 
308.4 

87a  6 
348.7 

32.6 
17.5 

lao 

12.7 

834.4 
401.1 

107.0 
47.2 

7,819.6 
3,918.9 

Digested. 
Percentage  di- 
gestibility. . . 

973.1 
64.86 

28.4 
37.67 

944.7 
65.62 

8.9 

laii 

9.2 
100.00 

389.6 
56.82 

621.9 
59.96 

15.1 
46.32 

3.3 
20.63 

433.3 
51.93 

50.8 
56.89 

3,900.7 
49.88 
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Tablb  75.— Fe0i  cand  axreta—Penod  IV,  1905. 


Steer  A. 

Steer  B. 

Feedaodfeott. 

Num- 
ber of 
days. 

Fresh 
weight. 

Dry  matter. 

Num- 
ber of 
days. 

Fresh 
weigbt 

Diy  matter. 

Total 

10 

Qramt. 

40.000.0 

4,000.0 

Percent, 
87.33 

(Tranw. 

34,981.2 

8,493.1 

10 

Oranw. 

ao.ooao 

8,000.0 

481.0 
13.0 
85.9 

PtrcenL 
8&58 

Ormwu. 
26,573.7 
2,657.4 

448.6 

Offered  per  day 

Uneaten  residues: 

l[iurh?4 

98.25 
93.07 
9L09 

Mfirr>i  24 , 

1 

12L1 

March  25 

1 

32.7 

Total 

1 

620.9 
63.0 

493.4 

Uneaten  per  day . . . 

1 

>49l3 

* 

Faces: 

Collected 

10 

97,480.0 

17.21 

16,779:2 

10 

58,196.0 
12.0 

20l16 
50.16 

11,730.9 

BpUled.  liar.  24 

7.1 

Spilled'.  Mar.  31...... 

5.0 

84.00 

4.'"2 

In  duct,  Mar.  23 

5.8 
4.8 

82.76 
56.25 

4.8 

Induct,  Mar. 25 

217 

Induct.  Mar. 30 

54.0 
24.0 

37.27 
62.93 

20.1 
12.7 

In  dwt.  Apr,  1 

Total 

97,563.0 
9,756.3 

16,816.2 
1,681.6 

£8.217.6 

11,745.5 
l,174w6 

Excreted  per  day. . 

1     5.821.8 

1       ' 

1  Including  salt    Without  salt  It  Is  47.8. 
Tablb  76.— Dt^etfi^ai^  ofraHoM—Period  IV,  1905. 


matter. 

Ash. 

Organic 
matter. 

Pro. 
tein. 

NOD- 

Crude 
fiber. 

Nitro- 
gen^ree 
extract. 

Ether 
ex* 

tract. 

Total 

nitn>> 

gen. 

Carbon. 

dn>- 
gen. 

EDttgy. 

ateerA. 

Timothy  hay.. 
Feces 

Oramt. 
3,493.1 
1,681.6 

Gvu. 

148.8 

94.7 

Orame, 

3, 344.  o 
1,586.9 

Omt. 
148.8 
136.2 

Onu. 
24.8 

Qranu. 

1,403.2 

600.8 

Qramt. 

1,702.9 

724.4 

Onu. 
64.6 
35.5 

Onu. 
29.0 
21.8 

Oranu. 

1.641.2 

835.3 

Onu. 

2ia7 

115.4 

15,  en.  7* 

8,05&9 

Digested. 

PeroentaRe  dl> 

gestlblUty... 

1,811.6 
61.86 

54.1 
36.36 

1,757.4 
52.55 

12.6 
8.47 

24.8 

loaoo 

712.4 
60.77 

978.5 
57.46 

29.1 
46.05 

7.2 
24.83 

805.9 
40.10 

96.3 
46.23 

7,62L8 
48.62 

Steer  B. 

Timothy  hay.. 
Uneaten 

2,657.4 
»47.8 

107.6 
2.0 

2,549.8 
45.8 

113.2 
3.6 

29.5 
0.1 

1,041.7 
17.3 

1,312.8 
23.6 

82.6 
L2 

24.4 
0.6 

1,248.1 
23.2 

15a  9 

11,912.6 
219i6 

Feces 

2,609.6 
1,174.6 

105.6 
76.3 

2,504.0 
1,098.3 

109.6 
112.5 

29.4 

1,024.4 
464.6 

1,289.2 
497.1 

51.4 
24.1 

23.8 
18.0 

1,2219 
5842 

i5a9 

67.0 

11,093.0 
5,676.8 

Digested. 
Percentage  di- 
gestibility... 

1,435.0 
64.90 

29.3 

27.75 

1,406.7 
56.14 

-2.9 

29.4 
100.00 

599.8 
54.65 

792.1 
61.44 

27.3 
63.11 

5.8 
24.83 

640.7 
52L31 

83.9 

55.60 

6,016.2 
51.45 

1  Exclusive  of  salt. 
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DIGBSTIBILITr  OF  TTMOTHY  HAY  AND  OF  WHSAT  BRAN. 

From  the  data  contained  in  the  foregoing  tables  the  percentage 
digestibility  of  the  several  ingredients  of  the  wheat  bran  may  also  be 
computedupon  the  customary  assumption  that  the  latter  did  not  affect 
the  digestibility  of  the  hay.  In  maldng  this  computation  the  average 
digestibility  of  the  hay  in  Periods  III  and  lY  has  been  used,  the 
average  being  computed  as  shown  in  the  table  below,  giving  weight 
to  each  period  in  proportion  to  the  amount  of  hay  consumed. 

Tablb  77. — Average  digestibUity  of  timothy  hay,  1905, 


Steer  A\ 

Fed  in  Period 
m 

Fed  In  Period 
TV 


€hn$, 
2,001.0 

8,483.1 


Total... 

Digested  In 
period  m... 

Duested  in 
Period  IV... 

Total.... 

Feroeotagedi- 

geetibiUty... 

Steer  B. 

Fed  in  Period 
m 

Fed  in  Period 
IV 


5,484.1 


Total 


Digested 
Period 


In 


eriodm. 

i 

IV, 


Digested     in 
Period 


Total. 


CBStIb 


taged 
bUity 


dl- 


Dry 
matter. 


1,081.8 
1,811.5 


2,008.3 
62.84 


Ash. 


Organic 
matter. 


Ome. 
81.4 

148.8 


Ome, 
1,818.6 

3,944.3 


280.2 


5,263.8 


28.8 
64.1 


1,778.8 
2,608.6 


4,383.4 


873.1 
1,436.0 


2,406.1 
64.841 


83.8 
36.46 


76.4 
106.6 


181.0 


28.4 
28.3 


67.7 
81.8^ 


1,062.0 
1,767.4 


2,818.4 
63.66 


1,606.4 
^,604.0 


4,202.4 


Pro- 
tein. 


Ome, 
101.8 

148.8 


250.7 


23.6 
12.6 


36.2 
14.44 


Non- 
pro- 
tein. 


Ome, 

16.4 


Crude 
fiber. 


Nitro- 
gea-Cree 
extract. 


Ome. 

788.2 


24.81,406.2 


40.22,202.4 


16.4 
84.8 


88.0 
108.6 


187.6 


844.7 
1,406.7 


2,36a  4 
66.88 


&8 
-2.8 


6.0 
3.04 


40.2 
100.0 

8.2 
20.4 


88.6 


8.2 
28.4 


8&6 
100.0 


486.1 
712.4 


1,148.6 
62.16 


608.O 
1,024.4 


1,722.4 


888.6 
668.8 


848.4 
66.121 


Ome, 
868.3 

1,702.8 


2,671.2 


671.4 
878.6 


1,548.8 
68.02 


870.6 
1,288.2 


Ether 
ex- 
tract. 


Ome. 

34.8 

64.6 


80.4 


16.6 
28.1 


44.6 
44.87 


2,168.8 


621.8 
782.1 


1,314.0 
60.84 


82.6 
51.4 


84.0 


16.1 
27.8 


42.4 
60.481 


Total 
nitro- 
gen. 


Ome, 
18.6 

28.0 


48.5 


7.0 
7.2 


14.2 
28.281 


16.0 
23.8 


38.8 


8.8 
6.8 


8.1 

28.861 


Carbon. 


846.8 
1,641.2 


2,587.1 


486.2 
806.8 


1,292.1 
48.84 


834.4 
1,224.8 


2,068.3 


438.3 
640.7 


1,074.0 
62.16 


Hy- 
dro 

gBO. 


Ome, 
126.7 

210.7 


337.4 


24,686.2 


74.2 
86.3 


168.5 
50.24 


107.0 
150.8 


257.8 


68.8 
83.8 


148.7 
65.72 


CUoriet. 
8,007.6 

16,677.7 


4,688.2 
7,621.8 


12,210.0 
48.46 


7,818.6 
11,603.0 


18,612.6 


3,800.7 
6,016.2 


8,816.8 
60.88 


In  the  following  computation  of  the  digestibility  of  the  wheat  bran 
it  has  been  assumed  that  the  uneaten  residue  left  by  steer  B  in  Period 
I  contained  hay  and  bran  in  the  same  proportion  as  the  ration  weighed 
out. 
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Tablb  78.— Ct>m|wl0tf  digmtikOii^  x^whoA  hnm.  190&. 


Dry 
matter. 

Ash. 

Organic 
matter 

Pro- 
tein. 

Noo- 
£ta. 

Qmde 

ftlMT. 

NKro- 
georfree 
extract. 

Ether 
ex- 
tract. 

Total 
nitro- 
gen. 

Carbon. 

Hy- 

dr»- 

gen. 

EMIS7. 

Steer  A, 

PtttodI: 

Total  di- 

Onu, 

Onu. 

Gnu. 

Onu. 

Gnu. 

Gnu. 

Gnu. 

Gnu. 

Gnu. 

Gnu. 

Gnu. 

CUories. 

gested.. 

1,833.8 

75.5 

1,858.3 

160.2 

21.1  306.3 

1,208.0 

77.8 

33.3 

890.6 

128.9 

8,588.1 

Computed 

digestible 

hay 

1,045.1 

30.4 

1,014.6 

13.9 

11.6  391.1 

578.2 

17.9 

5.3 

46&5 

59.8 

4,305.5 

Digested 

from 

bran 

888.7 

45.1 

843.7 

146.3 

9.5 

4.2 

625. 7 

50.9 

28.0 

43L1 

60.1 

4,192.6 

Total  In  bnn 

1,370.2 

101.9 

1,268.3 

202.7 

9.5 

146.9 

844.3 

64.9 

37.5 

627.5 

87.2 

6,22&6 

Percentage 

digesti- 

bility  

64.86 

44.26 

66.92 

72.18 

100.00 

2.881 

74.11 

02.30 

74.67 

68.70 

70.24 

67.38 

63.'55 

Pvlodn: 

Total  di- 

gested. 

2,78BL2 

186. 4 

2,668.8 

203.1 

82.8 

475.6 

1,747.0 

100.8 

50.6 

1,276.3 

181.1 

12,311.7 

Computed 

digestible 

bay 

1.064.6 

30.9 

1,<IZ3.4 

14.3 

16.4  409.5 

568.2 

16.5 

5.3 

468.8 

60.5 

4,351.2 

Digested 

from 

tean .... 

1,734.7 

104.6 

1,630.4 

278.8 

21.9 

66.1 

1,178.8 

89.3 

54.3 

807.5 

120.6 

7.060.5 

Total  in  bran 

2,583.2 

194.8 

2,388.4 

380.8 

21.9 

291.6 

1,583.8 

lias 

71.6 

1,181.6 

166.1 

11,773.8 

Percentage 

gisjf.":. 

67.15 

53.04 

68.26 

78.21 

100.00 

22.67 

74.43 

80.96 

75.94 

68.34 

73.06 

07.60 

66.38 

BUerB, 

Period  I: 

T  0  t  a  1  di- 

gested  

1,588.4 

42.3 

1,546.1 

117.5 

17.9 

377.2 

962.7 

501.8 

25.0 

74L8 

101.2 

7,006.0 

Computed 

digesti- 
ble hay 

040.5 

22.0 

019.1 

2.3 

13.1 

365.2 

523.8 

17.0 

3.5 

• 
433.7 

57.6 

3,011.0 

Digested 

from 

bran.... 

647.9 

20.3 

627.0 

115.2 

4.8 

12.0 

46&9 

83.8 

21.5 

31&1 

43.6 

3,006.0 

Total  in  bran 

908.6 

n.6 

926.6 

149.8 

4.8 

109.1 

611.7 

47.7 

27.3 

459.7 

61.4 

4,568.2 

Percentage 

dlgestl- 
bdSy 

64.88 

28.31 

67.67 

76k  90 

109iOO 

11.00 

75.02 

70186 

78.75 

69^20 

71.01 

67.83 

65.33 

Poiodll: 

. 



__^____ 

^.— _ 

1 

Total  di- 

gested... 

2,206.4 

RA.1 

2,119.3 

218.3 

21.2 

396.5 

1,397.4 

83.9 

43.3 

1,005.1 

166.6 

0,n7.6 

Computed 

digesti- 
ble nay.... 

977.4 

26.1 

949.2 

3.3 

1.2 

374.2 

534.9 

15.2 

4.0 

438.6 

73.8 

4,062.6 

Digested 

from 

bran 

1,228.0 

eo.o 

1,170.1 

215.0 

20.0 

24.3 

862.5 

68.7 

39.8 

566.5 

83.8 

5,666.0 

Total  in  bran 

1,802.6 

134.3 

1,618.3 

250.6 

20.00 

188.2 

1,120.3 

80.2 

48.2 

800.0 

128.0 

8,041.0 

Percentage 

digestl- 

bmty 

68.12 

44.68 

70.14 

85.79 

100.00 

12.91 

76.99 

77.02 

81.54 

70.81 

T2.77 

70.45 

67.77 

URINARY  EXCRETION. 


In  a  composite  sample  of  the  urine  made  up  of  aliquot  daily  samples, 
dry  matter,  total  solids,  nitrogen,  carbon,  organic  hydrogen,  and 
energy  were  determined.  From  the  results  of  these  determinations 
and  the  data  for  the  weights  of  the  urine  contained  in  Table  IV  of  the 


TJEINAEY  BXCBBTION,  1905. 


101 


appendiX;  the  total  excretion  has  been  computed  as  shown  in  Table 
79.  In  case  urine  was  spilled  it  was  taken  up  with  water,  the  total 
nitrogen  determined  in  the  mixed  sample,  including  the  water  used  to 
take  it  up,  and  it  was  assumed  that  the  content  of  hydrogen,  carbon^ 
and  energy  was  proportional  to  the  nitrogen. 

Ta3LB  79. — Results  on  urine  {inclusive  of  wash  water),  1905. 


Wdght 

Avei^ 
age 

Energy. 

Total  solids. 

Total  ni. 
trogen. 

Total  carbon. 

Total  hy- 
drogen. 

Per 
gram. 

TotaL 

Period  L 

Steer  A: 

Collected 

Spilled,  Jan.  90.. 
Spilled,  Jan.  21.. 
Spilled,  Jan.  22.. 

Gffu, 

54»  966.0 

868.7 

746.0 

«6a4 

L040 

Per 

cent. 
7.037 
.ISO 
1.247 
2.216 

Oms. 

3,860.3 

.6 

9.3 

12.2 

Per 

cent. 

1.113 
.024 
.197 
.351 

Oms. 
611.98 

1.47 
1.98 

Per 

cent, 

1.967 

.042 

.346 

.617 

Chna. 

1,07a  06 

.16 

2.68 

8.40 

Per 

cent. 

a  293 

.006 

.052 

.002 

Gme. 

16L11 
.08 
.39 
.61 

OaUh 
riee, 
a  1997 
.0048 
.0353 
.0630 

OBUh 

riee. 

10,960.6 

1.6 

2a3 

847 

Total.... 

3,8R1.3 
216.2 

61&46 
34.2 

1,082.19 
60.1 

162.08 
9.0 

11,043.0 

Average(18day8) 

613.6 

Steer  B: 

Collected 

Spilled,  Jan.  26.. 

20,67&0 
292.6 

1.044 

7.967 
6.371 

1,64&1 
1&6 

1.274 
1.020 

263.40 

2.9S 

2L160 

1.729 

446.37 
6.06 

.819 

.255 

66.06 

.75 

.2248 
.1800 

4,647.7 
62.7 

Total 

1,668.7 
184.9 

266.38 
29.6 

461.43 
6a2 

6a  70 
7.4 

4,70a4 

Average  (9  dasrs) 

622.8 

Period  IL 

Steer  A: 

Collected 

Spilled,  Feb.  1».. 
6pUled,Feh.l8.. 

82,810.0 
449.2 

iia6 

L036 

7.684 

.733 

8w861 

2,482.7 
8.3 

9.8 

1.209 

.115 

1.395 

39a  63 

.62 

1.64 

1.742 

.166 

2.010 

662.84 

.76 

2.22 

.267 
.025 
.308 

8a  27 
.11 
.34 

.1809 
.0172 
.2067 

6,844.9 

7.7 

23.1 

Total 

2,49&8 
366.5 

392.69 
6&1 

666.81 

sas 

8a  72 
12.4 

6, 87a  7 

Aven^(7day3) 

839.4 

Steer  B: 

CoUeeted 

Spilled,  Kay  6... 
Spilled,  Mays... 

21,26&0 

408.3 

2,036.0 

1.044 

9.606 

13.973 

.913 

2,040.4 
67.1 
18.6 

1.246 

1.814 

.119 

264.96 
7.41 
2.42 

2.603 

3.790 

.240 

668.63 

16.47 

6.07 

.451 
.657 
.043 

9a91 

2.68 

.88 

.2587 
.3766 
.0247 

6,501.8 

153.8 

60.8 

Ty>tal 

2,11&1 
23&1 

274.70 
30.6 

674.07 
63.8 

99.47 
11.1 

6,71&4 

Average  (9  days) 

63&0 

Period  m. 

Steer  A: 

Collected. 

Spl]]ed,lCar.lO.. 

36,996.0 
256.9 

1.U22 

6.066 
3.661 

1,830.7 
9.1 

.889 
.272 

14a  02 
.70 

1.146 
.801 

412.60 
2.06 

.164 
.108 

66.43 
.28 

.1087 
.0761 

3,912.7 
19.6 

Total 

1,830.8 
184.0 

140.72 
14.1 

414.66 
41.6 

66.71 

a  6 

3,932.8 
393.2 

Average(lOdays) 

Steer  B: 

Collected 

Average(10daj8) 

14,666.0 

&861 

1,299.6 
130.0 

1.166 

160.38 
16.9 

2.670 

87a  80 
37.7 

.882 

6a  02 
6.6 

.2460 

3,607.6 
860.8 

Period  IV. 

Steer  A: 

GoUeoted 

Spilled,  Mar.  26.. 

23,016.0 
196.2 

1.037 

7.906 
12.603 

1,819.8 
24.9 

.601 
.966 

138.32 
1.90 

2.396 
3.861 

661.44 
7.66 

.277 
.445 

63.76 
.87 

.2193 
.3626 

6,047.2 
69.2 

Total 

1,844.2 
184.4 

140.22 
14.0 

560.00 
66.9 

64.62 
a  6 

6,lia4 
611.6 

ATerBge(lOdays) 

Steer  B: 

Collected 

Spilled,  Mar.  23.. 

16,626.0 
2,888.1 

1.043 

&829 
1.806 

1,370.7 
81.2 

.703 
.117 

123.11 
2.79 

2.610 
.385 

40a20 
9.19 

.394 
.058 

61.17 
1.39 

•  M90ij 

8,769.6 
86.6 

Total 

1,401.9 
140l2 

125.90 
12.6 

414.39 
41.4 

62.56 

as 

3,85&0 
3Sa6 

AverageClOdays) 

The  foregoing  results  are  summarized  for  convenience  in  Table  80. 
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Table  80. — Average  daily  excretion  in  urine,  1905, 


Periods. 

Nitrogen. 

CKbtOL 

Euei'uj. 

EnsKT 

pernun 
canoiL 

J 

SUerA. 

Orama. 
34.2 
56.1 
14.1 
14.0 

28.6 
30.5 
16.0 
12.6 

Onm». 
60.1 
80.8 
4L5 
6&9 

50.2 
63.8 
87.7 
41.4 

613.5 
890.4 
308.2 
511.6 

522.3 
6S&0 
880.8 
386.6 

Cmkirie*. 

ia2i 

II 

laso 

Ill 

0L47 

IV 

9l15 

I 

StenB. 

10.40 

II 

0.95 

Ill 

9.57 

IV 

0.31 

PRODUCTION   OF  EPIDEBMAL  TISSUE. 

The  steer  was  thoroughly  brushed  immediately  before  entering  the 
calorimeter  and  after  leaving  it,  and  the  hair,  dandruff,  etc.,  in  the 
latter  case  collected.  To  this  was  added  the  small  amount  brushed 
up  from  the  floor  of  the  calorimeter.  In  these  samples  determinations 
of  nitrogen,  carbon,  and  energy  were  made  with  the  following  results: 

Tablk  81. — Weight  and  composition  ofbrushingsfor  the  two  days  in  the  ealorimeler,  1905. 


Weight gmms. 

Dry  matter per  cen  t . 

Weight  of  dry  matter grams. 

In  dry  matter: 
Nitrogen- 
Percentage  

Weight grama. 

Carbon- 
Percentage 

Weight grams. 

Hydrogen- 
Percentage 

Weight grams. 

Eneny— 

(Slorles  per  gram 

Total calories. 


Period  I. 


Steer  A. 


39.2 

04.27 

37.0 


5.244 
1.04 

36.801 
13.45 

4.627 
1.71 

4.1925 
153.0 


Steer  B. 


46.2 

92.46 

42.7 


4.441 
1.89 

40.490 
17.28 

5.258 
2.25 

4.9650 

186.4 


Period  n. 


Steer  A. 


54.7 

92.65 

50.7 


7.681 
3.89 

42.657 
21.63 

5.538 
2.81 

4.7535! 
241.0 


Steer B. 


14.9 

81.72 

12.2 


4.660 
.57 


Period  m. 


Steer  A. 


25.4 

94.72 

241 


&426 
1.31 

39.629 
9.53 

4.682 
1.13 

4.2791 
108.0 


Steer B. 


22.5 

95l29 

2L4 


&046 
1.29 

4a  600 
&69 

4.743 
1.02 

4.4601 
9&4 


Period  IV. 


Steer  A. 


41.6 

90.87 

87.8 


7.322 
2.77 

43.860 
16.39 

&576 
2.11 

4.67481 
176.7 


Steer  B. 


3&0 

91.86 

34.9 


6.562 
2.29 

89.412 

13.75 


4. 
1. 


4.33n 

151.4 


ESTIMATED  GROWTH  OF  HAIB. 


The  growth  of  hair  was  not  determined  in  the  experiments  of  1905, 
but  the  dry  matter  in  the  average  daily  growth  in  the  experiments 
of  1906  and  1907  was  approximately  proportional  to  the  relative  sur- 
face of  the  animals  as  computed  in  proportion  to  the  two-thirds  power 
of  the  live  weight,  except  in  the  case  of  steer  B  in  1906,  in  which  the 
observed  result  was  considerably  less  than  the  estimated.  Taking 
the  results  for  steer  A  in  1907  as  the  basis  of  computation  as  a  matter 
of  convenience,  Table  82  gives  a  comparison  of  actual  and  estimated 
daily  growth  in  each  series  of  experiments. 
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Tablb  82. — EHmaUd  growth  of  Jmr, 


Steer  A. 

Steer  B. 

Yean. 

AppioxS* 

mate 
live  weight 

Dry  matter  in  dally 
growth  of  hair. 

Approxi-  • 

mate 
live  weight 

Dry  matter  In  dally 
growth  of  hair. 

Actual. 

Esttmated. 

Actual. 

Estimated. 

1005 

EUot. 
270 
400 
500 

Qfvnu, 

Cfranu. 
3.38 
4.30 
5.00 

KOot. 
200 
300 
375 

Orama, 

Oronu. 
2.78 

1006 

4.76 
5.00 

2.54 
4.20 

8.62 

1007 

4.20 

Applying  to  the  estimated  daily  growth  in  1905  the  average  per- 
centages of  nitrogen,  carbon,  and  hydrogen  and  the  average  heats  of 
combustion  found  for  both  animals  in  both  the  other  years,  we  obtain 
the  estimate  shown  in  Table  83  for  the  amounts  of  the  several  ele- 
ments and  of  energy  contained  in  the  daily  growth  of  hair.  These, 
added  to  the  amounts  contained  in  the  brushings,  give  the  average 
daily  production  of  epidermal  tissue  which  is  used  in  the  balance 
tables  on  subsequent  pages. 

Table  83. — Average  daily  production  of  epidermal  tiasuey  1905, 


Components. 


Drr  matter grams. . 

Nitrogen do 

Carbon do 

Hydrogen do 

Energy calories.. 


Steer  A. 


In  esti- 
mated 
growth  of 
hair. 


3.38 
.50 

1.65 

.24 

17.05 


In  brush- 
ings. 


1&70 

1.24 

7.63 

.07 

83.70 


TotaL 


22.08 
1.74 
0.28 
1.21 

101.65 


steer  B. 


In  esti- 
mated 
growth  of 
hair. 


2.76 
.41 

1.34 

.10 

14.65 


In  brush- 
ings. 


13.00 
.76 

6w62 
.81 

72.20 


TotaL 


16.66 
1.17 
7.06 
1.00 

86.85 


DETEBMINATION   OF  BESPIBATOBY  PBODUOTS. 

At  about  1  p.  m.  on  the  sixth  day  of  the  10  during  which  the  excreta 
were  collected,  the  animal  was  placed  in  the  respiration  calorimeter 
and  the  air  current  started.  During  the  following  5  hours  the 
necessarjr  adjuBtments  of  tJie  calorimeter  were  made,  and  beginning  at 
6  p.  m.  the  respiratory  products,  as  well  as  the  heat  evolved,  were 
measured  for  the  succeeding  48  hours,  the  time  being  divided  into  sub- 
periods  of  12  hours  each.  In  other  words,  the  respiration  experiments 
covered  the  seventh  and  eighth  days  out  of  the  10  (or  the  fourteenth 
and  fifteenth  out  of  the  18  included  in  Period  I,  steer  A). 

In  previous  publications  the  data  of  the  respiration  determinations 
have  been  given  in  considerable  detail.  In  Part  III  of  this  report  the 
technic  of  the  respiration  experiments  is  described  and  illustrated  by 
the  detailed  figures  of  one  subperiod.    It  has  not  seemed  necessary, 
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however,  to  occupy  space  with  a  complete  tabulation  of  these  results 
for  each  subperiod,  since  at  best  they  could  scarcely  serve  any  other 
purpose  than  verification  of  the  arithmetical  accuracy  of  the  calcula- 
tions. These  calculations  have  been  checked  independently  by  two 
computers  and  are  believed  to  be  substantially  correct,  while  the  com- 
plete records  of  the  experiments  will  be  carefully  preserved  in  the 
files  of  the  Institute.  Table  84  shows  the  results  obtained  for  the 
excretion  of  carbon  and  hydrogen  in  the  forms  of  carbon  dioxid,  water, 
and  hydrocarbon  gases  for  each  subperiod,  together  with  the  ratio  of 
hydrogen  to  carbon  in  the  combustible  gases  excreted. 

Tablb  S4. — Carbon  and  hydrogen  in  gaseoiu  excreta,  1905. 


In  COt  and  H|0. 

In  hydrocarbons. 

CHfOODip 

puted 

fromC. 

H:Cln 

Periods. 

Carbon. 

Hydro- 
gen. 

Carbon. 

Hydro- 
gen. 

hydro- 
carbons. 

Period  I. 

Steer  A,  Jan.  18  and  19: 

Subperiod  1 

Oramt. 
461.4 
457.2 

Oranu. 
346.4 
332.0 

Onvu. 
30.98 
31.29 

Oranu. 
ia21 

lasi 

Oranu. 
41.4 
41.8 

1: 
3.036 

Subperiod  2 

3.035 

First  day 

918.6 

678.4 

62.27 

20.52 

83.2 

3.035 

Subperiod  3 

407.2 
419.8 

286.6 
271.4 

30.84 
30.93 

10.16 
10.19 

41.1 
41.3 

3.086 

Subperiod  4 

3.036 

Second  day 

827.0 

658.0 

61.77 

20.35 

82.4 

3.036 

Average 

872.8 

618.2 

62.02 

20.44 

82.8 

3.035 

Steer  B,  Jan.  25  and  26: 

Subperiod  1 

327.1 
356.0 

163.2 
189.5 

1 

22.80 
24.03 

8.04 
7.84 

30.6 
32.1 

2.847 

Subperiod  2 

3.065 

Fintday 

683.1 

352.7 

46.92 

15.88 

62.7 

2.956 

Subperiod  3 

356.6 
372.8 

204.5 
192.0 

24.52 
27.17 

7.66 
8.54 

82.8 
36.3 

3.201 

Subperiod  4 

3.182 

Second  day 

729.4 

396.6 

51.69 

16.20 

60.1 

3.101 

Average 

706.3 

374.6 

49.31 

16.04 

65.9 

3.074 

Period  11. 

Steer  A,  Feb.  15  and  16: 

Subperiod  1 

484.5 
511.8 

287.4 
296.0 

38.68 
40.12 

12.31 
12.87 

61.7 
63.6 

3.142 

Subperiod  2 

3.117 

First  day 

996.3 

583.4 

78.80 

25.18 

105.3 

3.129 

Subperiod  3 

489.6 
543.4 

330.1 
336.1 

39.27 
40.47 

12.80 
12.92 

»52.5 
64.1 

3.0® 

Subperiod  4 

3.132 

Second  day 

1,033.0 

666.2 

79.74 

25.72 

106.6 

3.100 

Average 

1.014.7 

624.8 

79.27 

25.45 

106.0 

3  115 

Steer  B.  May  3  and  4: 

Subperiod  1 

379.2 
411.8 

154.3 
164.8 

32.52 
34.48 

10.75 
11.56 

43.5 
46.1 

3. 025 

Subperiod  2 

2.963 

First  day 

791.0 

319.1 

67.00 

22.31 

89.6 

3.003 

Subperiod  3 

389.5 
396.4 

175.7 
181.2 

33.23 
32.07 

10.89 
10.84 

44.4 
42.8 

3.052 

Subperiod  4 

2.950 

Second  day 

785.9 

356.9 

65.30 

21.73 

87.2 

3  OQS 

Average 

788.5 

338.0 

66.15 

22.02 

88.4 

3.004 

1  Pump  stopped  2.23  to  3.06  a.  m. 
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InCOtandHiO. 

In  hydzooarboDs. 

CH4  0om- 

puted 

fromC. 

n:Cln 

Periods. 

Carbon. 

Hydro- 
gen. 

Carbon. 

Hydro- 
gen. 

hydro- 
carbons. 

Period  HI. 

Steer  A,  Mar.  8  and  9: 

Subneriod  1 

Oranu, 

292.8 

i  199.0 

Oranu. 
155.7 
138.9 

Oramt. 
15.67 
18.27 

Qrattu. 
5.06 
6.75 

Oram*. 
20.9 
24.4 

1: 
3.065 

Subperiod  2 

3.177 

First  day 

294.6 

33.94 

10.83 

45.3 

3.134 

SubDerlod  3 

309.9 
307.7 

127.4 
134.1 

18.11 
17.34 

5.69 
5.33 

24.2 
23.2 

3.183 

Sabperlod  4 

3.253 

Second  day 

617.6 

261.5 

35.45 

11.02 

47.4 

3.217 

Average 

>606.9 

278.1 

34.70 

10.93 

S46.4 

3.176 

Steer  B,  Feb.  22  and  23: 

Subperiod  1 

258.1 
268.9 

93.5 
103.5 

16.02 
18.19 

4.76 
5.78 

21.4 
24.3 

3.365 

Subperiod  2 

3.147 

First  day 

527.0 

197.0 

34.21 

10.54 

45.7 

3.246 

Subperiod  3 

257.8 
254.2 

95.5 
93.0 

16.91 
16.99 

5.18 
5.53 

22.6 
22.7 

3.264 

Suboeriod  4 

3.072 

Second  day 

512.0 

188.5 

83.90 

10.71 

46.3 

3.166 

Average 

519.5 

192.8 

34.06 

10.63 

45.5 

3.204 

Period  IV. 

Steer  A,  Mar.  29  and  30: 

Subneriod  1 

395.2 
400.5 

188.6 
183.5 

29.93 
29.61 

10.74 
9.98 

40.0 
39.4 

2w787 

Subperiod  2 

2.967 

First  day 

795.7 

372.1 

50.44 

aa72 

79.4 

3.869 

Subperiod  3 

390.7 
398.9 

160.4 
173.2 

29.48 
29.68 

9.62 
9.72 

80.4 
39.7 

3.065 

Subperiod  4 

3.054 

Second  day 

789.6 

342.6 

59.16 

19.34 

79.1 

3.050 

Average 

792.7 

357.4 

59.80 

20.03 

79.3 

2.961 

Steer  B,  Mar.  22  and  23: 

Subperiod  1 

810.9 
292.3 

140.8 
129.3 

22.83 
21.79 

7.60 
7.20 

30.5 
29.1 

3.044 

Subperiod  2 

3.026 

First  day 

603.2 

270.1 

44.62 

14.70 

59.6 

3.035 

Subperiod  3 

308.7 
284.2 

149.0 
152.2 

23.00 
21.22 

7.19 
7.18 

30.7 
28.4 

3.199 

Subperiod  4 

2.955 

Second  day 

592.9 

301.2 

44.22 

14.37 

59.1 

3.077 

Average 

598.1 

285.7 

44.42 

14.54 

59.4 

3.055 

• 

Probably  error  in  determination  of  COt  in  ingoing  air. 


s  Average  of  3  subperiods. 


The  average  ratios  of  hydrogen  to  carbon  in  the  combustible  gases 
excreted  are  shown  in  Table  85;  which  justifies  the  assumption  that 
they  consisted  chiefly  or  wholly  of  methane. 

Table  85. — Ratios  of  hydrogen  to  carbon  in  combustible  gases,  1905. 


Periods. 

Steer  A. 

Steer  B. 

I 

1: 

8.035 

3.115 

3.175 

2.961 

l: 
3.074 

II 

8.004 

Ill 

3.204 

IV 

8.065 
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THE  BALANCE  OF  MATTER. 


From  the  data  recorded  on  the  foregoing  pages,  the  following 
tabulation  of  the  average  income  and  outgo  of  matter  has  been  made 
up.  Following  the  customary  plan,  the  gain  or  loss  of  oi^anic  matter 
has  been  regarded  as  consisting  wholly  of  protein  and  fat,  for  which 
the  following  elementary  composition  has  been  assumed: 


Carbon... 
Hydrogen 
Oxygen.. 
Nitrogen.. 
Sulphur. . 


Protein.1 


52.M 

7.14 

23.12 

16.67 

.£2 


100.00 


Fat.> 


76.6 
12.0 
11.5 


100.0 


iKOhler;  Ztachr.  Physiol.  Chem.;  SI,  470. 
^Schulse  &  Relneeke:  Landw.  Vers.  Stat.;  9, 97. 

In  order  to  determine  the  water  balance  on  the  two  respiration 
calorimeter  days,  the  daily  portions  of  the  different  feeding  stuffs 
previously  weighed  out  were  reweighed  very  shortly  before  being  fed, 
any  difference  being  considered  to  represent  a  gain  or  loss  of  water. 
Special  samples  of  the  feces  voided  in  the  calorimeter  were  taken  for 
the  determination  of  dry  matter.  No  special  determinations  of 
the  urinary  soUds  were  made  on  the  calorimeter  days,  but  in  com- 
puting the  water  balance,  their  amount  is  assumed  to  have  been 
proportional  to  that  of  the  total  nitrogen.  To  the  income  of  water 
as  such  is  added  the  amount  equivalent  to  the  organic  hydrogen 
oxidized,  as  shown  by  the  balance  of  that  element.  It  must  be 
borne  in  mind  that  the  water  balance  appUes  only  to  the  two  days 
spent  in  the  calorimeter,  while  the  other  balances  may  be  assumed 
to  represent  the  average  of  the  entire  period. 
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Table  86. — ThthaUxMe  of  maUer  pet 

'  day  and  Jiead, 

1905. 

Periods  and  oomponeDts. 

Dry 
matter. 

Water. 

Nitrogen. 

Carbon. 

Oiganio  hydro- 
gen. 

In- 
come. 

Outgo. 

In- 
come. 

Outgo. 

In- 
come. 

Outgo. 

In- 
come. 

Outgo. 

Period  I. 
Steer  A: 

Timothy  hay ... 

(Tranu. 
1,977.8 
1,87a  2 

Qromt. 

\    437i) 

16^7&0 

Qmrnt. 

Qrame. 
18.0 
37.6 

Oramt. 

Orami. 
938.2 
027.6 

Oramt. 

Oranii. 

119.1 

87.2 

Orami, 

Wheat  iBran' 

Water 

Feed  residues 

112.0 
4,666.0 
8,013.0 

• 

Feces 

1,414.2 

210.2 

22.1 

82.8 

3,200.6 



22.2 

84.2 

1.7 

'"6e6."i 

60.1 

9.3 

62.0 

872.8 

77.4 

Urine 

9.0 

1.2 

MethanfT 

20  7 

Carbon  dlozid 

Water  yapor. 

6,664.0 

Orauiio  hydrogen  oxi- 

1,027.0 

114.1 

Gain  or  loss  by  body- 
Protein............. 

16.6 
126.3 

2.0 

8.2 
96.4 

1.1 
16.0 

Fat. 

Water 

4,688.0 

Total 

17,942.0 

17,942.0 

68.1 

68.1 

1,670.3 

1,670.3 

222.4 

222.4 

, 

Steer  B: 

Timothy  hay. 

1,770.0 
1,082.6 

\   281.0 
14,808.0 

{::::::: 

16.9 
28.7 

888.9 

474.7 

106.8 
63.4 

Wheat  bran. 

Water 

Feed  residues 

92.0 

1,122.1 

184.9 

10.7 

06.9 

2,6oao 

24.0 
3,961.0 
1,498.0 

2.2 
17.4 
29.0 

1.2 

41.6 
630.3 

60.2 
&0 

49.3 
706.3 

6.6 

Feces 

63.6 

Urine 

7.4 

Brwhines  and  hair 

1.0 

Me^>iflne..  . 

16.4 

Carbon  dioxid 

Water  vapor. 

3,872.0 

Onmnlo  ^dxt>i^  ozl- 

780.0 
...... .p 

87.8 

Galn  or  loss  by  body— 
Protein. . .        r 

34.8 
09.8 

6.8 

18.3 
63.7 

2.6 

8.4 

Fat 

Water 

6,496.0 

Total 

16,370.0 

16,370.0 

60.4 

60.4 

1,386.6 

1,386.6 

181.1 

181.1 

Period  IL 
Steer  A: 

Timothj  hay.  

1,996.0 
2,688.2 

\   826.0 
10,000.0 

{::::::: 

18.0 
71.6 

988.7 
1,181.6 

120.4 
166.1 

Wheat  Sran' 

Water 

Feed  residues 

60.0 
7,410.0 
8,811.0 

Feces 

1,789.0 

860.6 

22.1 

100.0 

8,720.8 

29.9 

66.1 

1.7 

844.0 

80.8 

9.3 

79.3 

1,014.7 

104.4 

Urine 

12.4 

1.2 

Methane 

26.4 

Carbon  dlozid 

Water  vuxir. 

6,028.0 

Ornnic  hydrogen  oxi- 

1,141.0 

120.8 

Gain  or  loss  by  body- 
Protein.... 

......... 

10.8 
112.6 

1.8 

6.7 
86.6 

.8 

Fat 

13.6 

Water 

4,834.0 

• 

Tbtal 

16,90a0 

10,900.0 

89.6 

89.6 

2,120.3 

2,120.8 

286.6 

286.6 

Steer  B: 

Timothy  hay 

1,779.0 
1,802.0 

}    426.0 
7,426.0 

{::::::: 

17.6 
48.2 

..a..... 

841.1 
800.0 

130.6 
128.9 

Wheat  bran. 

Water 

Feed  residues 

Feces 

1,370.2 

236.1 

16.7 

88.4 

2,891.3 

6,811.0 
2,179.0 

22.4 

30.6 

1.2 

686.0 

63.8 

8.0 

66.2 

788.6 

.  • .  •  .^ .  • 

92.9 

Urine 

11.1 

nmthfnM  {md  hair 

1.0 

Methane". 

22.1 

Carbon  dioxid 

Water  vapor 

8,017.0 

Onnnio  hydrogen  oxi- 

1,067.0 

120.8 

Galn  or  loss  by  body- 
Protein 

69.6 
64.6 

11.0 

36.6 
42.0 

6.0 

Fat. 

6.6 

Water 

2,070.0 

TWal 

11,007.0 

11,007.0 

06.7 

06.7 

1,641.1 

1,641.1 

269.6 

269.6 

==J 
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Tablb  86.-1^  balance  o/maUer  per  day  and  head,  1905— Continued. 


Diy 

matter. 

Water. 

Nitrogen. 

Carbon. 

Organic  hydro- 
gen. 

Poriod  and  oomponent. 

In- 
come. 

OutSD. 

In- 
come. 

OotCO. 

In- 
come. 

Outgo. 

In- 
come. 

Ooteo. 

Steer  A: 

Oramt.  |(7rsiR«. 
2,0QLQI     187.0 

Qremt. 

Ormu. 
19.6 

(TrtiM. 

Omiat. 
94&9 

(Tmiiu. 

(Tranw. 
128.7 

Qfunu, 

Wftter                    .  . 

4,962.0 

Fiwd  raridow. ......... 

Feces 

909.2 

184.0 

22.1 

46.4 

12,226.6 

3,738.0 
2,197.0 

........ 

12.6 

14.1 

1-7 

1 

450.7 

41.6 

9.3 

34.7 

•  606.9 

53.5 

Urine 

5.6 

BrashlngB  And  hair 

Metbaiw....      ,... 

1.2 

11.6 

Carbon  dioxid 

1 

Water  vapor 

2,478.0 

Onnnlo  nydrofieo  ozl- 

787.0 

87.4 

Gain  or  loss  by  body~ 
Protein. 

62.8 
232.0 

8.8 

27.7 

3.8 

27.8 

Fat 

178.& 

Water 

2,487.0 

Total 

8,413.0 

8.413.0 

28.3 

28.3 

1.162.1 

1,182.1 

168.3 

158.3 

Steer  B: 

Timothy  hay 

1,773.8 

83.0 

16.0 

834.4 

107.0 

Water.  7....'- 

3,962.0 

Feed  residues 

Feces 

800.7 

130.0 

16.7 

46.5 

1,905.0 

3,154.0 
1,303.0 

12.7 

lfi.9 

1.2 

401.1 

37.7 

8.0 

34.1 

619.5 

47.2 

Urine 

5.6 

Bmffhinif^  gnd  hair , . . 

1.0 

Methane 

11.4 

CartMn  dlozld 

Water  vapor 

1,734.0 

Onanio  hydrogen  oxi- 

6oao 

66.7 

CMn  or  loss  by  body— 
Protein 

88. 8 
166.1 

14.8 

46.7 
119.3 

6.8 
18.6 

Fat 

Water 

1,666.0 

Total 

6,191.0 

6,191.0 

30.8 

30.8 

i,ooa4 

1,000.4 

131.9 

131.9 

Period  JV. 

Steer  A: 

Timothy  hay... a 

3,493.1 

S22.0 
8,136.0 

29.0 

1,641.2 

210.7 

Wfrtfir  .       _,, 

Feed  residues. 

Feces 

1,681.6 

184.4 

22.1 

79.3 

2,906.8 

7,074.0 
2,064.0 

21.8 

14.0 

1.7 

.    836.3 

66.9 

9.3 

69.3 

792.7 

115.4 

Urine 

6.5 

1.2 

Mi^than^'^. 

19.8 

Carbon  dioxid 

Water  vapor 

3,216.0 

Onnnic  nydn^ten  oxi- 

761.0 

84.6 

Oain  or  loss  by  body— 
Prot^^ln. 

61.0 
109.9 

8.6 

26.8 
84.6 

8.6 
13.2 

Fat- 

Water 

3,126.0 

Total 

12,344.0 

\1%AA.(\ 

37.5 

37.6 

1,762.5 

1,782.6 

227.5 

227.5 

Steer  B: 

Timothy  hay 

2,667.4 

229.0 
286.0 

24.4 

1,248.1 

150.9 

Water 

F^^yi  nwYdiimf . .... 

47.8 

1,174.6 

140.2 

16.7 

69.4 

2,193.1 

6.0 
8,926.0 
1,406.0 

.6 

18.0 

12.6 

1.2 

23.2 
684.2 

41.4 
8.0 

44.4 
608.1 

Feces 

67.0 

Urine 

6.3 

Bmsliinss  and  hair 

1.0 

v^^h^fi 

14.8 

Carbon  dioxid 

Water  viux>r 

2,671.0 

Onanio  hydrogen  oxi- 

624.0 

00.3 

Qain  or  loss  by  body- 
Protein 

48.0 

8.0 

26.2 
26.0 

8.4 

4.1 

Fat 

33.8 

Water 

6,769.0 

\ 

Total 

7,907.0 

7,907.0 

32.4 

32.4 

1,299.3 

1,299.8 

U8.4 

158L4 

1  From  only  3  sabperiods. 
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OOICPUTBD  GAINS  OB  LOSSES  OF  LIVE  WEIGHT  IN  THE  OALOBDCETEB. 

The  results  of  the  heat  determinations  recorded  on  subsequent 
pages,  as  is  there  pointed  out,  require  a  correction  for  the  amount  of 
matter  gained  or  lost  by  the  body  of  the  animal.  In  the  absence  of 
direct  determinations  of  the  oxygen  consumed,  these  gains  or  losses 
by  the  body  have  been  computed  in  Table  86  on  the  usual  assumption 
that  its  small  content  of  carbohydrates  remained  substantially 
unchanged  and  that  the  gains  or  losses  of  organic  matter  may  be 
regarded  as  consisting  of  protein  or  fat.  The  ash  of  the  urine  not 
having  been  determined,  it  is  not  possible  to  compute  an  ash  balance, 
but  this  omission  does  not  render  the  results  seriously  erroneous  for 
the  purpose  here  in  view. 

Subject  to  these  relatively  small  uncertainties,  the  data  of  Table 
86  show  the  single  factors  which  make  up  the  gain  or  loss  of  live 
weight  during  the  days  spent  in  the  calorimeter.  To  the  results  as 
thus  computed  there  must  be  added  a  correction  for  irregularity  of 
excretion,  especially  of  the  feces.  In  computing  the  balances  of 
nitrogen,  carbon,  and  hydrogen,  the  average  excretion  of  dry  matter 
as  determined  in  the  10-day  digestion  period  is  rightly  made  the 
basis  of  calculation.  The  actual  amount  of  dry  matter  excreted 
during  the  two  days  in  the  respiration  calorimeter,  however,  differs 
somewhat  from  this  average.  While  the  differences  are  relatively 
insignificant,  they  are  entered  as  corrections  in  the  proper  column 
of  Table  87. 

Tabui  87. — Oompuied  daily  going  or  losses  of  live  weight  in  the  ealorijneterf  1905. 


Pertodl. 

Period  II. 

Period  m. 

Period  IV. 

Loss. 

Gain. 

Loss. 

Qain. 

Loss. 

Gain. 

Loss. 

Gain. 

SturA, 
Protein  < 

Oranu. 

16 

125 

Oranu. 

Oranu. 

Oranu. 

11 

113 

ids 

4,102 

Oranu. 

53 

232 

2,487 

Oranu. 

26" 

2,747 

Oranu. 

51 

110 

3,126 

Oranu, 

Fat 

Water 

4,688 
344 

4,334 

Correction  for  irregularity  of  excretion 
Baltfice 

'"4,'89i" 

80 
3,207 

6,032 

5,032 

4,334 

4,334 

2,772 

2,772 

3,287 

3,287 

Steer  B. 
Proteio  ..rr.TT 

35 
70 

70 
55 

89 

155 

1,556 

80* 

1,770 

48 

34 

6,769 

Fat 

Water ♦. .. 

6,495 
176 

2,070 
86 

Correction  for  irregularity  of  excretion 
Balanm 

"6;566' 

176 

2,031 

6,675 

6,671 

6,671 

2,156 

2,156 

1,800 

1,800 

6,851 

6,851 

Compated  from  nitrogen,  using  the  factors  stated  in  Fart  III,  page  203. 
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Our  apparatus  does  not  permit  of  weighing  the  animal  while  in  the 
respiration  chamber,  so  that  the  observed  gains  or  losses  of  weight 
cover  the  four  or  five  preliminary  hours  in  the  calorimeter.  A  com- 
parison of  the  computed  with  the  observed  changes  in  live  weight 
for  this  whole  time,  however,  in  the  manner  described  in  connec- 
tion with  the  experiments  of  1906  (pp.  145-147),  gives  the  following 
results,  which  show  a  fairly  good  agreement: 

Table  88. — Computed  and  ob$erved  gaim  in  live  weight  in  the  calorimeter,  190S. 


Periods. 

Oompoted. 

Obeerved. 

Period  I: 

Steer  A 

* 

KOoi. 

>1S.5 
-5.2 

-  7.3 
-4.6 

-  0.4 

KOm. 

-  5.6 

+ia4 

-17.5 

—  9l2 

Steer  B 

Period  U: 

Steer  A 

Steer  B 

Period  TIT: 

Steer  A 

—  &8 

Steer  B 

—  4.0 

Period  IV: 

Steer  A 

— ia6 

.  Steer  B 

—15.9 

1  Reconb  Ineomplete. 
HEAT   EMISSION. 

The  results  of  the  determinations  of  heat,  made  in  the  maimer 
described  in  Part  III  of  this  bulletin,  pages  205-216,  are  contained  in 
the  following  table.  That  portion  of  the  heat  given  off  by  radiation 
and  conduction  and  brought  out  of  the  calorimeter  in  the  water 
current  is  recorded  for  each  animal  in  the  column  headed ' '  Radiation," 
while  the  second  column  shows  the  amount  carried  off  as  latent  heat 
of  water  vapor.  The  small  corrections  necessary  for  feed,  excreta, 
etc.,  put  into  and  taken  out  of  the  calorimeter  have  been  made 
upon  the  heat  given  off  by  radiation. 
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Tablb  89. — Heal  emission. 


Periods. 


Period  L 
First  day: 

Subperiodl 

Subperiod2 

Total 

Second  day: 

Subpeiiod  3 

8ubp^od4 

Total 

Daily  average 

Period  11. 
First  day: 

Subperiodl 

SQbperiod2 

Total 

Seoondday: 

Subpenod  3 

Sabperiod4 

Total 

Dally  average 

Period  III. 
First  day: 

Subperiod  1 

Subperiod  2 

Total 

Second  day: 

Subperiod  3 

Subperiod  4 

Total 

DaQy  average 

Period  IV. 
First  day: 

Subperiod  1 

Subperiod  2 

Total 

Seoondday: 

Subperiod  1 

Subperiod  2 

Total 

Daily  average 


Steer  A. 


By  radi- 
ation. 


QOoriet. 
3,823.0 
2,678.6 


5,401.6 


3,  soar 

2,534.8 


5,085.6 
5,218.6 


3,120.6 
2,822.8 


5,942.8 


3,038.1 
2,837.7 


5,875.8 
5,900.3 


2,434.4 
2,417.0 


4,851.4 


2,306.6 
2,382.0 


4,690.6 
4,771.0 


2,920lO 
2,788.8 


5,704.2 


2,76a2 
2,578.6 


5,338.8 
5,521.5 


As  latent 

beat  of 

water 

vapor. 


QUoriee. 
1,845.8 
1,700.0 


3,614.8 


1,526.7 
1,446.0 


2,972.7 
3,203.8 


1,531.4 
1,576.8 


8,108.2 


1,758.8 
1,790.7 


3,649.5 
3,328.9 


829.7 
74a3 


1,570.0 


678.8 
714.3 


1,393.1 
1,481.6 


1,004.0 
977.8 


1,962.7 


9026 
922.7 


1,825.2 
1,904.0 


Total. 


Oalariet. 
4,068.8 
4,347.6 


0,016.4 


4,027.4 
8, 08a  8 


8,008.2 
8,512.3 


4,66L0 
4,399.1 


9,051.0 


4,796.9 
4,628.4 


9,42&8 
9,238.3 


8,264.1 
8,157.8 


6,421.4 


2,967.4 
8,096.3 


6,083.7 
6,252.6 


8,936.8 
3,761.1 


7,686.9 


8,663.7 
3,501.8 


7,164.0 
7,426.5 


Steer  B. 


By  radi- 
ation. 


Oaioriea, 
2,079.6 
3,133.3 


4,211.9 


3,39a7 
3,386.8 


4,776.6 
4,494.2 


8,830.4 
3,486.1 


6,824.6 


8,717.7 
3,696.6 


6,313.3 
6,568.9 


3,484.6 
3,166.6 


4,651.1 


1,947.7 
1,861.3 


8,800.0 
4,23ai 


l,84a4 
3,107.6 


8,94&0 


3,149.7 
3,017.0 


4,166.7 
4,057.4 


As  latent 
heat  of 
water 
vapor. 


Caloriea. 

oOv.  4 

1,009.9 


1,879.3 


1,089.7 
1,022L9 


3,113.6 
1,996.0 


833.0 
877.9 


1,609.9 


936.0 
966.5 


1,901..6 
l,80a7 


498.0 
661.4 


1,040.4 


600.0 
496.4 


1,004.4 
1,026.9 


76a3 
689.1 


1,439.4 


793.9 
8ia8 


1,604.7 
1,522.1 


Total. 


QUories. 
2,949.0 
3,142.2 


6,001.2' 


3, 48a  4 
3,408.7 


6,880.1 
6,490.2 


4,161.4 
8,363.0 


7,524.4 


3,653.7 
3,561.0 


7,214.7 
7,369.6 


2,982.6 
3,717.9 


5,700.6 


2,456.7 
2,356.7 


4,813.4 
6,257.0 


3,500.7 
3,796.7 


6,387.4 


3,943.6 
3,837.8 


5,771.4 
5,679.4 


HEAT  PRODUCTION. 

The  figures  of  Table  89  show  the  amounts  of  heat  given  off  daily 
by  the  animals,  but  these  are  not  necessarily  equal  to  the  amounts 
actually  produced  in  the  same  time,  since  heat  may,  on  the  one  hand, 
be  retained  in  the  body,  or,  on  the  other  hand,  heat  produced  previous 
to  an  experimental  period  may  be  eliminated  during  that  period. 

Variations  in  hody  temperatvre. — ^While  the  body  temperature  of  a 
healthy  animal  is  approximately  constant,  it  is,  nevertheless,  subjeot 
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to  minor  variations  which  in  the  case  of  man  are  of  a  distinctly  peri- 
odic character.  So  far  as  the  writers  are  aware  no  similar  observa- 
tions are  on  record  for  cattle.  The  rectal  temperatures  as  recorded 
in  the  appendix  were  taken  about  1  p.  m.,  except  upon  the  respiration 
calorimeter  days,  and  show  considerable  fluctuation,  the  extreme 
range  being  from  0.5^  to  1.0^  C,  while  nearly  as  great  variations  are 
observed  in  some  instances  from  one  day  to  the  next.  A  rise  of  body 
temperature  is,  of  course,  equivalent  to  the  storage  of  a  corresponding 
amount  of  heat,  while,  conversely,  a  fall  of  temperature  is  equivalent 
to  the  emission  of  heat  previously  produced.  If  the  extreme  range 
of  1.0^  C.  occurred  between  the  beginning  and  end  of  a  calorimeter 
experiment,  the  resulting  error  in  these  experiments,  assuming  a 
specific  heat  of  0.8  for  the  whole  body,  would  be  equivalent  to  about 
200  calories  for  steer  A  and  about  160  calories  for  steer  B.  Whether 
such  extreme  variations  actually  took  place,  the  data  are  insufficient 
to  show.  A  study  of  the  temperature  records  shows  some  peculiar 
irregularities.  In  many  cases,  the  body  temperature  is  approximately 
the  same  for  several  successive  days  and  then  suddenly  for  one  or  two 
days  shows  a  striking  difference.  The  cattle  gave  no  indications  of 
illness  and  the  results  raise  a  question  as  to  the  reliability  of  the  rectal 
temperature  as  an  index  of  the  true  body  temperature  of  these  ani- 
mals. In  view  of  these  uncertainties  and  since,  moreover,  the  tem- 
peratures taken  at  6  p.  m.  at  the  end  of  the  calorimeter  runs  may  not 
be  comparable  with  those  taken  at  a  different  hour  during  the  remain- 
der of  the  experiment,  we  have  not  attempted  to  compute  any  cor- 
rection, but  content  ourselves  with  calling  attention  to  this  source 
of  error. 

Oain  or  loss  of  matter  by  the  body. — ^Even  if  the  body  maintains  a 
uniform  temperature,  a  gain  or  loss  of  matter  is  equivalent  to  a  gain 
or  loss  of  heat,  since  the  food,  drink,  and  excreta  are  reduced  to  the 
temperature  of  the  calorimeter  actually  or  by  calculation.  The  data 
recorded  in  Table  87  show  the  nature  of  these  gains  and  losses  and 
enable  a  correction  to  be  computed.  In  the  computation  of  this 
correction,  the  temperature  of  the  animal  has  been  regarded  as  rep- 
resented by  the  average  body  temperature  for  the  period.  The  spe- 
cific heat  of  the  fat  and  protein  gained  is  based  on  Rosenthal's  results.^ 
He  finds  a  specific  heat  of  approximately  0.3  for  dry  muscle  tissue 
and  of  0.72  for  fat  tissue.  If  we  assume  the  latter  to  contain  15  per 
cent  of  water  and  85  per  cent  of  fat,  neglecting  the  small  amount  of 
fat-free  dry  matter,  Hosenthal's  figure  is  equivalent  to  a  specific  heat 
of  0.66  for  fat.  The  small  correction  for  the  irregular  excretion  of 
dry  matter  may  be  neglected  as  entirely  insignificant  for  the  purpose 

^^^MiBii — -  r  — ^~ " — ' 1 

I  Anb.  (antt.  u.)  Fhyalol.;  ISST,  p.  2U. 
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of  the  calculation.    Using  Period  I,  steer  A,  as  an  illustration,  the 
calculation  is  as  follows: 

Period  I.-^teer  A, 

[Avenge  body  temperature,  37.6*  G.    Oalorimeter  temperature,  17.2*  C.) 

Protein  -0.016  kiloeX0.30X20.4=  -  0.10  calories. 
Fat  -0.125  kilo8X0.66X20.4=  -  1.68  calories. 
Water    +4.688  kilo8Xl.00X20.4=  +95.64  calories. 


Correction +93.86  calories. 

In  Table  90  the  heat  actually  produced  by  the  animals  has  been 
computed  by  applying  the  correction  computed  as  just  illustrated  to 
the  figures  for  heat  emission  contained  in  Table  89.  The  results  are, 
of  course,  still  subject  to  the  uncertainty  above  mentioned  regarding 
the  influence  of  changes  in  body  temperature. 

Table  90. — Average  heat  production^  1905. 


Steer  A. 

Steer  B. 

Periods. 

Heat 
emission. 

Correc- 
tion for 

Heat 
produc- 
tion. 

Heat 
emission. 

Correo- 

tion  for 

ninby 

Dody. 

Heat 

produce 

tion. 

I 

Calories. 
8,512.3 
9,238.2 
6,252.6 
7,425.5 

Calories. 
+93.9 
-89.4 
-56.3 
-69.1 

Calories. 
8,606.2 
9,148.8 
6,196.3 
7,356.4 

Calories. 
6,490.2 
7,369.6 
5,257.0 
5,579.4 

Calories. 
+130,7 

-  43.1 

-  36.6 
-145.0 

Calories. 
6,620.9 

II 

7,326.5 

Ill 

5,221.4 

IV 

5,434.4 

THE   BALANCE  OF  ENERGY. 

The  following  table  shows  the  energy  balance  for  each  period  of  the 
experiments,  assuming  the  average  heat  values  of  5.7  calories  and 
9.5  calories  per  gram,  respectively,  for  the  gains  of  protein  and  fat 
shown  by  the  nitrogen  and  carbon  balances  of  Table  86  and  reckoning 
13.344  calories  per  gram  of  methane.  The  energy  balance  has  been 
divided  for  convenience  so  as  to  show  also  the  metaboUzable  energy 
of  each  ration.  Before  making  the  latter  computation,  however,  it 
is  necessary  to  correct  the  potential  energy  of  the  urine  for  the  gain 
or  loss  of  nitrogen,  since  in  case  of  a  loss  of  nitrogen,  the  urine  contains 
energy  derived  from  body  tissue,  while  in  the  contrary  case  energy 
which  would  have  appeared  in  the  urine  is  retained  in  the  body.  The 
energy  of  the  urine  has  accordingly  been  corrected  to  nitrogen  equi- 
Ubrium  by  adding  or  subtracting  Rubner's  figure  of  7.45  calories  for 
each  gram  of  nitrogen  gained  or  lost  by  the  body.  This  having  been 
done,  however,  the  same  correction  must  be  made  in  the  computed 
energy  of  the  protein  gained  or  lost  by  the  animal  in  order  to  be  able 
to  compare  the  metabolizable  energy  with  the  gain  by  the  animal. 
In  the  table  following  these  corrections  have  been  made. 
92946^— BuU.  128—11 8 
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Tablb  91. —  The  balance  of  energy  per  day  and  head,  1905. 


Steer  A. 

Steer  B. 

Dry 
matter. 

Energy. 

Dry 
matter. 

Energy. 

Income. 

Outgo. 

Income. 

Outgo. 

Period  T. 
Tlmothv  IWV 

Orams. 

1,977.8 

1,370.2 

QUorieM. 
8,886.8 
6,225.6 

(Morie*. 

Oram*. 
1,770.0 
1,032.5 

92.0 

1,122.1 

184.9 

(>5.9 

Oaloriea. 
7,948.9 
4,713.5 

Calories. 

Wheat  bran    

Uneaten  residues    

403.8 

Feces 

1,414.2 

216.2 

82.8 

6,525.3 

504.1 

1,104.9 

6,889.1 

5,252.6 

Urine  (corrected  for  nitrogen) 

Methane 

479.1 

879.4 

MetaboMsabk 

5,647.5 

Total    

15, 113. 4 

15,113.4 

12,662.4 

12,662.4 

Mfftabolizable 

6,889.1 

5„647.6 

Heat 

8,606.2 
101.7 

6,620.9 

Dnuhlngs        -.......-,,,-, 

22.1 

15.6 
125.3 

16.7 

86.9 

Lossbybodv: 

Protein  (corrected  for  nitrogen) 
Fat 

69.5 

1,190.3 

559.0 

155.2 
663.1 
242.0 

Error ■■••••....................... 

Total 

8,707.9 

8,707.9 

6,707.8 

6,707.8 

Period  II. 
Timothy  hay 

1,995.6 

2,583.2 

1,789.6 

356.5 

106.0 

8,797.4 
11,775.3 

1,779.0 

1,802.6 

1,376.2 

235.1 

88.4 

7,OT4.6 
8,041.0 

Wheat  6ran' 

Feces 

8,261.0 

852.8 

1,414.5 

10,044.4 

6,297.9 
721.4 

Urine  (corrected  tor  nitroeen) 

Methane- , 

1,179.6 

MetaboMsabio. 

7,816.6 

Total 

20,572.7 

20,572.7 

16,015.5 

16.015.5 

Mpt4iN>Mxabl9.      , 

10,044.4 

7,816.6 

Heat 

9,148.8 
101.7 

48.2 
1,068.8 

7,328.5 
86.9 

Brushimra 

22.1 

10.8 
112.5 

16.7 

69.0 
54.6 

Gain  by  bodv: 

Protein  (corrected  for  nitrogen) 
Fat 

310.3 

518.7 

Error 

323.1 

425.8 

Total 

10,367.5 

10,367.5 

8.242.4 

8.242.4 

Period  III. 
Timothy  hay 

2,001.0 

909.2 

184.0 

46.4 

9,007.5 

1,773.8 

800.7 

130.0 

45.5 

7,819.6 

4,419.3 
327.6 
619.2 

3,641.4 

3,918.9 
250.6 

Urine  (corrected  for  nitrogen) 

...•.•■•.•.. 

Methane 

607.2 

Metaboliiable 

3,042.9 

Total 

9,007.5 

9.007.5 

7,819.6 

7,819.6 

lietabolizable 

3,641.4 

3,042.9 

6,196.3 
101.7 

5,221.4 
86.9 

Rnifihinn  . .  „ . .    

22.1 

5.3 
232.0 

16.7 

88.8 
155.1 

Protein  (corrected  for  nitrogen) 

235.4 
2,204.0 

217.2 

396.0 

1,473.4 

396.0 

Fat 

Error 

Total 

6.298.0 

6,298.0 

6,306.3 

5,306.3 



Period  IV. 
Timothy  hav 

3,493.1 

15,677.7 

2,657.4 
47.8 

1,174.6 

140.0 

59.4 

11,912.6 

Uneaten  residues 

219.6 

Feces 

1,681.6 

184.4 

79.3 

8,055.9 

448.3 

1,058.2 

6,115.3 

5,676.8 
325.9 

Urine  (corrected  for  nitrogen) 

Methane 

792.6 

Metabolisable 

4,897.7 

Total 

15,677.7 

15,677.7 

11,912.6 

11,912.6 

Metabollzab  le 

6,115.3 

4,897.7 

Heat 

7,356.4 
101.7 

5,434.4 
86.9 

Brushings 

32.1 

51.0 
109.9 

16.7 

48.0 
33.8 

Loss  by  body: 

Protein  (corrected  for  nitrogen) 

227.4 

1,044.0 

71.4 

214.0 

321.1 

88.5 

Fat 

Error 

7,458.1 

7,458.1 

5,521.3 

5,521.3 
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Under  the  head  of  "Error"  in  the  foregoing  table  there  is  shown 
the  amount  by  which  the  gain  or  loss  of  energy  by  the  body  as  deter- 
mined by  a  comparison  of  the  income  and  outgo  of  energy  differs 
from  that  contained  in  the  gain  or  loss  of  protein  and  fat  as  computed 
from  the  nitrogen  and  carbon  balance^  or,  in  other  words,  the  extent 
to  which  the  results  diflfer  from  those  required  by  the  law  of  the  con- 
servation of  energy.  With  the  exception  of  Period  IV,  these  diflfer- 
ences  are  considerable,  and  while  they  may  be  due  in  part  to  the  some- 
what crude  nature  of  the  method  by  which  the  gain  or  loss  of  matter 
ia  computed,  this  can  hardly  accoimt  for  the  entire  error.  The 
relative  magnitude  of  the  diflference  would  seem  to  be  most  fairly 
expressed  by  comparing  the  observed  heat  production  with  that 
computed  from  the  balance  of  nitrogen  and  carbon,  as  is  done  in 
Table  92. 

Table  92. — Observed  and  computed  daily  heat  production,  1905. 


Steer  A. 

Steer  B. 

Periods. 

Observed^ 

Computed. 

Error. 

Computed 
-i-observed. 

Observed. 

Computed. 

Error. 

Computed 
-4-obeerved. 

I 

Oalories. 
8,606.2 
9,148.8 
6,196.3 
7,356.4 

Calories. 
8,047.2 
8,825.7 
5,979.1 
7,285.0 

Calories. 
-659.0 
-323.1 
-217.2 
-  71.4 

Percent. 
93.5 
96.5 
96.5 
99.0 

Calories. 
6,620.9 
7,328.5 
5,221.4 
5,434.4 

Calories. 
6.378.9 
6.900.7 
4.825.4 
5,345.9 

Calories. 
-242.0 
-425.8 
-396.0 
-  88.5 

PereerU. 
96.4 

II 

Ill 

IV 

94.2 
92.4 
96.4 

The  errors  expressed  in  this  way  are  relatively  large  and  are  in  the 
opposite  direction  to  those  observed  in  most  of  our  previous  experi- 
ments; that  is,  in  these  experiments  the  observed  amounts  of  heat 
are  greater  than  correspond  to  the  amounts  of  carbon  dioxid  and  water 
produced.  The  experiments  are  far  from  being  satisfactory  in  this 
respect  and  correspondingly  less  weight  attaches  to  the  results,  but, 
nevertheless,  it  has  seemed  worth  while  to  carry  out  the  computation 
on  the  same  plan  adopted  for  those  of  the  subsequent  two  years  in 
which  a  much  closer  agreement  was  obtained.  It  may  be  added  also 
that  the  conclusions  regarding  the  availabihty  of  the  energy  of  the 
feeds  do  not  diflFer  widely  whether  the  observed  or  the  computed  heat 
production  is  made  the  basis  of  the  comparison. 

METABOLIZABLE   ENERGY. 

By  metabolizable  energy,  or  fuel  value,  is  understood  the  poten- 
tial energy  of  the  feed  miaus  the  potential  energy  of  the  excreta, 
including  the  gaseous  excreta.  The  chief  channel  of  loss  of  potential 
energy  is  the  feces,  although  a  considerable  amount  is  carried  off  in 
the  urine  and  the  methane. 

From  Table  91  it  is  easy  to  compute  in  each  case  the  percentage  of 
the  total  energy  which  was  lost  in  the  several  excreta  or  was  metab- 
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olizable,  and  also,  in  connection  with  the  results  of  the  digestion 
trials,  to  compute  the  metabolizable  energy  in  calories  per  unit  of 
total  or  of  digestible  organic  matter. 

TIMOTHT*HAT. 

From  the  energy  balances  of  Periods  III  and  IV  the  percentage 
distribution  of  the  total  energy  of  the  hay  and  also  that  of  the  energy 
contained  in  the  digested  organic  matter  of  the  latter  may  be  com- 
puted as  follows: 

Table  93. — Percentage  distribution  of  energy  of  timothy  hay,  1905. 


Total  energy. 

Energy  of  digested  matter. 

Period  III. 

Period  IV. 

True 
average. 

Period  m. 

Period  IV. 

True 
avenge. 

SUerA. 
In  feces 

Perceni. 
49.06 
3.64 

6.87 
40.43 

Percent. 

51.38 
2.86 
6.75 

39.01 

Percent. 

50.54 
3.14 
6.80 

39.52 

Percent, 

Percent. 

Percent, 

In  nrlne 

7.15 
13.49 
79.36 

6.88 
13.88 
80.24 

6.35 

f  n  methftiifl 

13.74 

MetaboUxable 

79.91 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Sten  B. 
In  feces 

50.12 
3.20 
7.76 

38.92 

48.55 
2.79 
6.78 

41.88 

49.16 
2.95 
7.17 

40.70 

In  urine 

6.42 
15.56 
78.02 

5.42 
13.17 
81.41 

5.81 

In  methane 

14.12 

Metabolizable 

80.07 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

The  metaboUzable  energy  per  gram  of  organic  matter,  total  or 
digested,  was  as  follows: 

Table  94. — Metabolizable  energy  per  gram  organic  matter  of  timothy  hay,  1905. 


Steer  A, 

Perioain 

Period  rv 

Totals  and  averages 

Steer  B. 

Period  m 

Period  IV 

Totals  and  averages 

1  From  Tables  74  and  76. 


Organic  roatter.i 


Total.      I   Digested. 


Gramjt. 
1,919.6 
3,344.3 


Grams. 
1,062.0 
1,757.4 


5,263.9 


2.819.4 


1,698.4 
2.504.0 


4,202.4 


944.7 
1,406.7 


2,350.4 


MetAbolizable  energy. 


Total." 


Calories. 
3,641.4 
6,115.3 


9,756.7 


3,042.0 
4,897.7 


7,940.6 


Per  gram 

total 
organic 
matter. 


Caloriti. 
1.897 
1.828 


1.853 


1.792 
1.956 


1.889 


Per  gram 
digested 
organic 
matttf. 


Caloirki. 
3.429 
3.480 


3.460 


3.221 
3.484 


3.378 


*  From  Table  91. 


WHEAT  BRAN. 


The  results  in  Table  91  for  Periods  I  and  II  show  the  metabolizable 
energy  of  the  total  rations.    That  of  the  bran  alone  may  be  computed 
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by  difference,  assuming,  much  as  in  the  case  of  a  digestion  experi* 
ment,  that  the  percentages  of  the  energy  of  the  hay  which  were  lost 
in  the  various  excreta  or  which  were  metabolizable  were  the  same  as 
when  the  hay  was  fed  alone.  For  this  purpose  the  averages  of  Table 
93  have  been  used,  each  animal  being  treated  separately.  As  before, 
the  results  are  expressed  both  in  percentages  and  as  calories  per  gram 
of  total  or  digestible  oi^anic  matter. 

Table  95. — Percentage  distribution  of  energy  of  bran,  1905. 


Organic  matter,  i 

Total, 
energy. 

Enei 
Feces. 

gy  of  exc 

UTine(cor- 
rected). 

reta. 

Metab. 

Total. 

Digested. 

Methane. 

oUzable 
energy. 

SturA. 
Period  I: 

In  total  rntlon 

Oravu. 
3,162.6 
1,894.3 

Grams. 
1,858.3 
1,014.6 

QdorieM. 

15, 113. 4 

8,886u8 

Oaloriee. 

6,525.3 

4,491.4 

Calories. 
594.1 
279.0 

Calories. 
1,104.9 
604.3 

Calories. 
6,889.1 

In  hay 

3,512.1 

*"* """J ...................... 

In  bran 

1,268.3 

843.7 

6,226.6 
100.0 

2.033.9 
32.67 

315.1 
5.06 
7.51 

600.6 
8.04 
11.94 

3,377.0 

Per  cent  of  total  energy 

54.24 

Per  cent  of  dlfested  energy. 

80.55 



Period  II: 

In  total  ration 

4,299.2 
1,910.8 

2,663.8 
1,023.4 

20,572.7 
8,797.4 

8,261.0 
4,446.3 

852.8 
27&2 

1,414.5 
698.2 

10,044.4 

In  hay 

3,476.7 

In  bran. 

2,388.4 

1,630.4 

11,775.3 
100.0 

3,814.7 
32.40 

576.6 
4.90 
7.25 

816.3 
6.93 
ia25 

6,567.7 

Per  cent  of  total  enerey 

66.77 

Pfir  cjttnt  nt  dljnistAd  eneriry . 

82.60 

Steer  B. 
Period  I: 

In  to  tal  ration 

2,569.8 
1,643.2 

1,546.1 
919.1 

>12,258.6 
«7,685.4 

5,252.6 
3,784.6 

479.1 
227.0 

879.4 
551.8 

5,647.5 

In  bay ^ . , , 

3,132.0 

In  bran 

926.6 

627.0 

>4,563.2 

loao 

1,468.0 
32.17 

252.1 
6.62 
8.14 

721.4 
235.2 

327.6 
7.18 
10.68 

2,515.6 

Per  cent  of  total  energy 

55.13 

Per  cent  of  digested  energy . 

81.28 

Period  II: 

3,365.5 
1,697.2 

2,119.3 
949.2 

16,016.5 
7,974.5 

6,297.9 
3,921.9 

1,179.6 
571.8 

7.816  6 

Tn  hay 

3,245.6 

In  bran , 

1,668.3 

1, 170. 1 

8,041.0 

loao 

2,376.0 
29.55 

486.2 
6.04 
&57 

607.8 
7.56 
10.73 

4,571.0 
66.86 

Per  cent  of  total  energy 

Per  cent  of  digested  energy . 

80.70 

1  From  Tables  70, 72,  and  78. 


s  Uneaten  residues  divided  proportionally  between  hay  and  bxan. 


Table  96. — Metabolizable  energy  per  gram  of  organic  matter  of  wheat  bran,  1905, 


Organic  matter. 

Metabolixable   energy. 

Periods. 

Total. 

Digested. 

Total. 

Per  gram 

total 

organic 

matter. 

Per  gram 
digested 
organic 
matter. 

Fteer  A. 
I 

Orams. 
1,268.3 
2,388.4 

926.6 
1,668.3 

Orams. 

843.7 

l,63a4 

627.0 
l,17ai 

Calories. 
3,377.0 
6,567.7 

2,515.6 
4,571.0 

Calories. 
2.663 
2.749 

2.715 
2.740 

QOories. 
4.008 

II 

4.028 

Steer  B. 
I 

4.012 

II 

3.906 

* 
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CORRECTION  OF  HEAT  PRODUCTION  FOR  STANDING  AND  LYING. 

As  has  been  shown  by  the  writers  in  previous  experiments,  a  very 
marked  effect  is  exerted  upon  the  heat  production  of  cattle  by  stand- 
ing as  compared  with  lying.  The  differences  are  so  marked  that 
before  satisfactory  comparisons  of  different  periods  can  be  made  it 
seems  necessary  to  correct  the  observed  results  for  differences  in  the 
proportion  of  time  spent  standing  and  lying. 

HBAT  SMrTTED  BY  RADIATION  AND  CONDUCTION. 

In  previous  experiments  the  basis  for  such  a  correction  has  been 
obtained  by  computing  the  average  rate  per  minute  at  which  heat 
was  brought  out  of  the  calorimeter  in  the  water  current,  either  for 
the  entire  time  spent  standing  and  lying,  respectively,  or  with  the 
omission  of  such  relatively  short  periods  as  appeared  of  little  value. 
In  the  present  experiments  a  somewhat  different  plan  has  been  fol- 
lowed. From  the  records  of  the  rate  of  flow  of  water  through  the 
heat-absorber  system  and  the  observed  temperatures  of  the  in-going 
and  outgoing  water,  the  rate  per  minute  at  which  heat  was  being 
brought  out  was  computed  at  intervals  of  4  minutes  ^  and  the  results 
plotted.  Figure  16,  representing  one  of  the  periods  of  the  experi- 
ments of  1907,  is  a  typical  example  of  the  results  obtained. 
After  a  study  of  these  diagrams,  those  portions  of  the  curves  which 
seemed  free  from  irregularities  due  to  the  change  from  the  standing 
to  the  lying  position,  or  vice  versa,  and  to  the  accompanying  change 
in  the  rate  of  water  flow,  and  which  also  seemed  fairly  free  from  acci- 
dental irregularities,  were  selected  and  the  average  rate  per  minute 
at  which  heat  was  being  given  off  by  radiation  and  conduction  and 
taken  up  by  the  absorber  system  in  the  calorimeter  computed  from 
these  portions  of  the  experiments.  In  figure  16  the  portions  selected 
in  that  particular  subperiod  are  indicated.  In  computing  the  heat 
during  each  section  of  the  experiment,  the  small  corrections  for 
capacity  and  lag,  described  in  Part  III,  page  208,  have  been  made  and 
consequently  the  results  may  be  taken  to  represent,  without  sensible 
error,  the  amounts  of  heat  given  off  by  radiation  and  conduction  to 
the  heat-absorber  system  during  those  sections.  The  table  following 
shows  the  amounts  of  heat  thus  measured. 

>  Each  rate  was  in  reality  the  average  for  12  minutes,  the  successive  averages  overlapping  each  other. 
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Table  97. — Heat  emitted  by  radiation  and  conduction  during  periods  of  standing  and 

lying,  1905, 


Time. 


Steer  A: 

6.00  p. 
12.00  p. 

6.008. 

1.16  p. 

4.40  p. 

6.00  p. 

9.12  p. 
10.48  p. 
12.40  8. 

6.00  a. 

6.00  a. 

9.48  a. 
12.16  p. 

3.04  p. 


Period  I , 


m. 

to 

9.04  p. 

m 

m. 

to 

6.00  a. 

m 

m. 

to  12.66  p. 

m 

m. 

to 

3.24  p. 

m 

m. 

to 

6.00  p. 

m 

m. 

to 

8.40  p. 

m 

m. 

to  10.00  p. 

m 

m. 

to  11.28  p. 

m 

m. 

to 
to 

1.28  a. 
6.00  a. 

fn 

m. 

m 

m. 

to 

7.56  a. 

m 

m. 

to  11.56  a. 

m 

m. 

to 

1.40  p. 

m 

m. 

to 

6.00  p. 

m 

Totals 

Correction  for  feed,  water,  excreta,  etc. 


Heat  per  minnte. 


Steer  B: 
6.00 
9.44 
11.16 
12.08 
2.48 
6.00 
8.16 
1.20 
6.12 
1.48 
3.36 
4.20 
6.32 
6.40 
9.16 
9.40 
4.28 


p.  m. 
p.m. 
p.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.m. 
p.  m. 
a.  m. 
a.  m« 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.  m. 


to  9.40  p. 
to  10.62  p. 
to  12.04  a. 
to  2.44  a. 

6.56  a. 

7.40  a. 

9.56  a. 

3.52  p. 

1.12  a. 

3.32  a. 

4.16  a. 

6.28  a. 

6.56  a. 

9.12  a. 

9.36  a. 

4.04  p. 

5.56  p. 


to 
to 
ta 
to 
to 
to 
to 
to 
to 
to 
to 
to 
to 


m. 

m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 


Totals 

Correction  for  feed,  water,  excreta,  etc. 


Heat  per  minate. 


Steer  A: 

8.00  p.  m.  to  8.00  a.  m. 

8.00  a.  m.  to  11.28  a.  m. 

6.00  p.m.  to  8.00  p.m. 

8.00 p.  m.  to  11.48  p.  m. 
12.12  p.m.  to  1.48  p.m. 

4.04  p.m.  to  6.00  p.m. 

4.28  a.  m.  to  8.00  a.  m. 

8.00  8.  m.  to  19.12  a.  m. 
11.06  a.  m.  to  12.16  p.  m. 
12.44  p.m.  to  3.12  p.m. 

3.32  p.m.  to  4.24  p.m. 

4.44  p.  m.  to  6.04  p.  m. 

6.36  p.m.  to  8.00  p.m. 


Period  IL 


Totals 

Correction  for  feed,  water,  excreta,  etc. 


Heat  per  minate. 


Steer  B: 

6.44  p.m.  to  8.00  p.m. 

8.24  p.  m.  to  11.20  p.  m. 

11.24  p.  m.  to  1.52  a.  m. 

2.12  a.  m.  to  6.66  a.  m. 


Standing. 


Lying. 


Elapsed 
time. 


Mimties. 

184 
360 
416 


Total 
heat. 


80 
160 


48 

60 

116 

128 


176 
1,728 


220 
68 


100 
152 
420 


152 

20 

384 


1,516 


Oaiorie», 

813.88 

1,299.U0 

1,548.68 


324.78 
617.07 


203.33 
235.99 
396.51 
470.78 


689.35 


6,602.27 
+9.06 


6,611.33 
3.8260 


} 


920.08 


339.39 

477.44 

1,575.74 


ll,926.44 


5,239.09 
+21.30 


5,260.39 
3.4609 


720 
208 
120 
228 


212 
132 


148 


80 
84 


1,932 


76 


224 


3,093.01 
786.02 
538.93 

1,034.96 


912.64 
479.33 


669.26 


350.51 
347.96 


8,212.52 
+22.28 


8,234  80 
4.2623 


Elapsed 
time. 


lOntrttf. 


{: 


290.98 


953.36 


128 


48 
40 


84 


300 


48 
156 
188 
100 


104 
40 
68 
24 


88 


816 


96 
56 


68 
'62" 


272 


Total 
heat. 


Oaioria, 


326.67 


135.76 
121.21 


181.65 


765.29 


765.29 
2.5509 


I 


1,067.66 
274.76 


608.16 


201.52 


2,147.09 
+1.68 


2,148.77 
2.6333 


302.28 
168.61 


219.38 

isoJio 


840.67 


840.67 
3.0906 


176 
148 


}     964.26 
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Table  97. — Heat  emitted  by  radiation  and  conduction  during  periods  of  standing  and 

lying  f  1905 — Continued. 


Time. 


Period  //— Contiuued. 


Steer  B— Continued. 

8.16  a.  m.  to  0.56  a.  m. 
10.32  a.  m.  to  11.16  a.  m. 
11.36  a.  m.  to  12.28  p.  m. 
12.44  p.m.  to   1.36  p.m. 

1.40  p.m.  to  4.66  p.m. 

5.28  p.m.  to  5.56  p.m. 

6.00  p.m.  to  8.04  p.m. 

8.48  p.  m.  to  9.32  p.  m. 

9.36  p.m.  to  1.06  a.m. 

1.32  a.  m.  to  4.24  a.  m. 

4.52  a.  m.  to  6.28  a.  m. 

6.48  a.  m.  to  6.56  a.  m. 

6.00  a.  m.  to  9.00  a.  m. 

9.28  a.  m.  to  3.40  p.  m. 

4.04  p.  m.  to  6.00  p.  m. 


Totals 

Correction  for  feed,  water,  excreta,  etc. 


Heat  per  minute. 


Steer  A: 

10.16 

6.06 

9.20 

12.20 

1.40 

2.43 

6.00 

8.51 

10.04 

12.16 

12.50 

1.07 

3.28 

3.31 

4.34 

6.00 

6.42 

8.12 

11.62 

1.12 


Period  III. 


P- 
p. 
P- 
P- 
p. 
p. 


p.  m. 
a.  m. 
a.  m. 

m. 

m. 

m. 

m. 

m. 

m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.  m. 


to  2.36  a. 
to  8.04  a. 
to  11.12  a. 
to  1.28  p. 

2.43  p. 

6.00  p. 

8.51  p. 

9.28  p. 
to  11.56  p. 
to  12.50  a. 
to  1.07  a. 

3.06  a. 

3.31  a. 

4.34  a. 

6.36  a. 

6.42  a. 

8.12  a. 
to  10.32  a. 
to  12.32  p. 
to  6.00  p. 


to 
to 

to 
to 


to 
to 
to 
to 
to 
to 


m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 


Totals 

Correction  for  feed,  water,  excreta,  etc. 


Heat  per  minute. 


Steer  B: 

8.00 

10.56 

11.20 

11.48 

4.24 

6.00 

6.08 

7.12 

7.40 

8.12 

12.16 

12.52 

1.00 

1.48 

3.24 

6.00 

7.48 

12.00 

1.44 

6.00 


p.  m. 
p.  m. 
p.  m. 
p.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.  m. 
p.  m. 
p.  m. 
p.  m. 
p.  m. 
p.  m. 
p.  m. 
p.  m. 
a.  m. 
a.  m. 


to 
to 
to 
to 
to 


to  10.52 
to  11.16 
to  11.44 
to  1.40 
4.56 
6.48 
7.08 
7.36 
8.08 
to  11.40 
to  12.48 
to  12.56 
to  1.44 
to  2.40 
to  6.56 
to  7.24 
to  11.40 
to  1.20 
to  4.44 
to  6.56 


P- 
P- 
p. 
a. 

a. 
a. 
a. 
a. 
a. 
a. 

P- 
P- 
p. 
p. 
p. 
p. 
p. 
a. 
a. 
a. 


m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 


Standing. 


Elapsed 
time. 


I 


MinnUet, 


62 


28 
124 


Total 
beat. 


OtJUniu, 


226.53 


131.65 
617.06 


172 


8 
180 


116 


980 


750.89 


30.28 
727.92 


486.57 


4,123.23 
+23.41 


4,146.64 
4.2313 


Lyii^ 


Elapsed 
time. 


MhMOet. 

100 

44 


62 

196 


44 
212 


36 


372 


1,380 


Total 
heat. 


CUorief. 
329.12 
134.43 


) 


782.43 


I     806.93 


97.62 


1,179.29 


4,294.07 


4.294.07 
3.1116 


260 
116 
112 


63 
197 
171 

37 


945.51 
408.94 
405.71 


}    949.11 
I    768.30 


34   ] 
121  !| 


664.85 


42 

90 

140 


288 


1,688 


172 
20 
24 

112 


60 

24 

28 

206 


152 
84 


80 
'62' 


I 


936.04 


999.  £\. 


6,068.67 
-14.07 


6,064.50 
3.5867 


1,184.96 


1,026.36 


469.83 
264.40 


274.83 
"i84.'37' 


68 


112 


3 

63 
62 


40 


348 


164.40 


277.70 


302.37 


96.91 


841.38 


841.38 
2.4177 


32 
48 


32 

4 

44 

52 


} 


199.72 


232 


180 


299.38 


633.62 


438.68 
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Table  ^7. — Heat  emitUd  by  radUUum  arid  conduction  during  periods  of  standing  and 

lying,  1905 — Continued. 


Time. 


Period  ///"-Continued. 


Steer  B— Continued. 

6.00  a.m.  to  7.04  a.m. 

7.08  a.  m.  to  9.32  a.  m. 

9.56  a.  m.  to  10.16  a.  m. 
10.44  a.  m.  to  12.00  a.  m. 
12.20 p.m. to  3.12 p.m. 

3.16  p.m.  to  4.20  p.m. 

4.48  p.  m.  to  6.00  p.  m . 


Totals 

Correction  for  feed,  water,  excreta,  etc. 

Heat  per  mJnute 


Steer  A: 
6.00 

12.48 
1.56 
6.00 

11.36 

12.24 
6.00 

12.08 
2.44 
6.00 
9.00 

11.00 
2.04 
3.06 
4.48 


Period  IV. 


p.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.  m. 
p.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.  m. 
p.  m. 
p.m. 


to  12.28 
to  1.36 
to  6.00 
to  11.16 
to  12.00 
to  6.00 
to  11.44 
to  2.28 
to  6.00 
to  8.36 
to  10.40 
to  12.04 
to  2.36 
to  4.08 
to   6.00 


a.  m. 
a.m. 
a.  m. 
a.  m. 
p.m. 
p.m. 
p.m. 
a.  ro. 
a.  m. 
a.  m. 
a.  m. 
p.m. 
p.m. 
p.m. 
p.m. 


Totals 

Correction  for  feed,  water,  excreta,  etc. 


Heat  i)er  minute. 


Steer  B: 

6.00  p.  m. 
11.40  p.m. 

6.04  a.  m. 

9.12  a.  m. 

1.40  p.m. 

3.16  p.  m. 

4.04  p.  m. 

6.00  p.  m. 

7.08  p.  m. 

9.00  p.  m. 
10.08  p.  m. 
10.32  p.  m. 
11.36  p.m. 
12.00  p.  m. 
12.28  a.  m. 

1.40  a.  m. 

1.52  a.  m. 

2.20  a.  m. 

6.04  a.  m. 

7.40  a.  m. 

8.28  a.  m. 

9.00  a.  m. 

1.12  p.m. 

2.20  p.  m. 

4.36  p.m. 


to 
to 
to 
to 


to  6.56 
to  5.40 
to  8.28 
to  12.52 
to  3.12 
4.00 
5.56 
7.04 
8.00 
to  10.04 
to  10.28 
to  11.06 
to  11.56 
to  12.24 
to  1.36 
1.48 
2.16 
5.36 
7.12 
8.24 
8.56 
to  12.52 
to  2.16 
to  4.06 
to  6.00 


to 
to 
to 
to 
to 
to 


p. 

a. 
a. 

P- 
p. 
P- 
P- 
p. 
P- 
p. 
p. 
P- 
P- 
a. 
a. 
a. 
a. 
a. 
a. 
a. 
a. 
p. 
p. 
p. 
p. 


m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 


Totals 

Correction  for  feed,  water,  excreta,  etc. 


Heat  per  minute. 


Standing. 


Elapsed  '    Total 
time.         heat. 


64 
144 


76 


72 


1,372 


} 


Oaloria. 
638.89 


240.50 


238.81 


4,502.94 
-23.06 


4,479.88 
3.2652 


388 


244 
316 


336 
344 


196 
166 


64 
32 
60 
72 


2,208 


56 


144 


64 
20 
36 


68 


64 
106 


1,636.75 


994.57 
1,220.41 


1.317.86 
1,415.22 


834.57 
577.53 


270.31 
130.99 
239.33 
283.28 


8,920.82 
-20.26 


8,900.56 
4.0310 


Lying. 


Elapsed 
time. 


MHmUi. 


{: 


195.27 


656.33 


1 


430.23 


260.77 


i} 


671.72 


560 


2,004.32 
-11.51 


1,992.81 
3.5586 


20 


172 
64 


888 


Total 
heat. 


CUorkt. 


34.83 


} 


496.01 


2,001.44 


2,001.44 
2.2744 


48 


24 


140 
"166" 


312 


360 


220 
92 
44 

112 
64 
52 


20 
24 
68 
8 
24 
196 


44 

28 
232 


84 


1,672 


137.63 


146.51 


877.75 
' 266^96 


922.85 


922.86 
2.9578 


963.61 


656.53 
644.32 

329.07 


910.29 


I 


760.78 


180.20 


4,344.80 
+2.10 


4,346.96 
2.5099 


122      INFLUENCE  OF  TYPE  AND  AGE  ON  UTILIZATION   OF  FEED. 

The  average  rate  per  minute  at  which  heat  was  given  off  by  radia- 
tion and  conduction  in  the  standing  and  lying  portions  of  the  several 
periods  is  summarized  in  the  foUowing  table: 

Table  98. — At^erage  heat  per  minute  emitted  by  radiation  and  conduction,  1905, 


Periods. 

Standing. 

Lying. 

I 

8tenA, 

QUorifit. 
3.8260 
4.2623 
3.5867 
4.0310 

3.4609 
4.2313 
3.2652 
3.5586 

Otloriei. 
2.5509 

II 

3.0906 

Ill 

2.4177 

IV 

2.9578 

1 

Steer  B, 

2.6333 

II 

3.1116 

Ill 

2.2744 

IV 

2.5099 

HEAT  OITEN   OFF  A8   LATENT  HEAT  OP  WATER  VAPOR. 

The  foregoing  table  shows  the  rate  at  which  the  animals  gave  off 
heat  by  radiation  and  conduction  when  standing  and  lying,  respec- 
tively. Unfortunately  no  such  detailed  record  of  the  rate  at  which 
heat  was  emitted  as  latent  heat  of  water  vapor  is  available,  since  only 
the  total  water  vapor  given  off  in  each  subperiod  was  determined. 
For  the  manner  in  which  this  was  distributed  between  the  standing 
and  lying  periods  we  must  therefore  depend  upon  estimates.  As  was 
pointed  out  in  a  previous  paper,*  the  extremes  of  probable  variation 
would  seem  to  be  represented  by  the  assumptions,  first,  that  the  heat 
given  off  as  latent  heat  of  water  vapor  was  proportional  to  the  amount 
of  heat  given  off  by  radiation  and  conduction,  or,  second,  that  the 
total  amount  given  off  as  latent  heat  of  water  vapor  was  unchanged 
in  the  lying  as  compared  with  the  standing  periods.  In  considering 
which  of  these  assumptions  seems  the  more  probable,  it  is  desirable 
to  anticipate  some  of  the  results  of  the  experiments  of  the  two  suc- 
ceeding years. 

Table  99  shows  the  amount  of  time  spent  standing  and  lying  in  each 
subperiod  of  the  three  series  of  experiments,  the  time  being  expressed 
both  as  minutes  and  as  a  percentage  of  the  total  time,  and  likewise 
the  percentage  of  the  total  heat  emitted  in  each  subperiod  which  was 
carried  off  as  latent  heat  of  water  Tapor. 

1  Bureau  of  Animal  Industry  Bui.  51,  p.  38. 
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Experiments  of  1905. 

Experiments  of  1906. 

Experiments  of  1907. 

Periods. 

Time  standing. 

Per 

oent 

heat  in 

water 

vapor. 

Time  standing. 

Per 

cent 

heat  in 

water 

vapor. 

Time  standing. 

Per 
oent 

Ufa. 

ntes. 

Per 

cent. 

Min- 
utes. 

Per 
oent. 

Idn. 
utes. 

Per 

oent. 

heat  in 
water 
vapor. 

Stat  A. 
Period  I: 

Sabperlod  1 

720 
571 
414 
560 

100.00 
79.31 
67.61 
79.03 

30.  M 
40.69 
87.88 
36.32 

437 
526 
223 
324 

60.70 
73.06 
30.97 
4&00 

23.06 
21.78 
23.11 
21.30 

402 
354 
346 
340 

56.84 
40.17 
48.04 
48.48 

20.02 

Siibperiod  2 

21.52 

SubDeriod  3 

22.28 

Subperiod  4 

22.12 

Totals  and  averages. . . . 

2,274 

78.96 

8a70 

1,610 

62.43 

22.32 

1,461 

50.38 

21.72 

Period  n: 

Subperiod  1 

720 
468 
568 
519 

100.00 
65.01 
78.80 
72.09 

32.92 
36.85 
36.66 
38.69 

434 

440 
429 
361 

60.28 
61.12 
60.58 
50.14 

26.74 
25.46 
27.17 
26.65 

417 
394 
617 
426 

57.92 
64.73 
85.70 
60.03 

28.98 

Subperiod  2 

29.68 

Subperiod  3 

29.07 

8u1^eriod4 

29.16 

Totals  and  averages.... 

2,275 

7&99 

36.04 

1,664 

57.78 

26.49 

1,863 

64.34 

29.10 

Period  ni: 

Subperiod  1 

580 
583 
414 
607 

80.56 
80.98 
57.51 
82.92 

26.42 
23.44 
22.72 
23.07 

361 
637 
349 
408 

48.75 
74.58 
48.48 
56.67 

20.40 
18.39 
19.27 
19.16 

444 

398 
264 
308 

61.67 
65.28 
36.67 
42.78 

22.05 

Subperiod  2 

22.04 

Subperiod  3 

21.41 

Subperiod  4 

21.92 

Totals  and  averages. . . . 

2,174 

75.49 

23.70 

1,645 

57.12 

19.32 

1,414 

49.10 

21.86 

Period  IV: 

Subperiod  1 

648 
679 
551 
459 

90.00 
94.31 
76.63 
63.76 

26.60 
26.00 
24.64 
26.36 

337 
336 
409 
382 

46.81 
4&67 
56.81 
63.06 

21.78 
21.67 
23.10 
22.19 

334 
436 

875 
266 

46.39 
60.42 
62.09 
36.95 

24.71 

Subperiod  2 

23.83 

Subperiod  3 

24.32 

Subperiod  4 

25.10 

Totab  and  averages.... 

2,337 

81.15 

26.64 

1,464 

50.83 

22.19 

1,410 

48.96 

24.50 

SUerB. 
Period  I: 

Subperiod  1 

294 
516 
437 
621 

40.84 
71.53 
60.70 
86.25 

29.48 
32.14 
81.31 
30.01 

376 
344 
188 
454 

62.23 

47.78 
26.11 
63.06 

25.05 
26.91 
24.76 
24.65 

282 
465 
304 
360 

36.39 
63.20 
42.22 
49.86 

22.66 

Subperiod  2 

22.66 

Subperiod  3 

22.61 

Subperiod  4 

22.43 

Totals  and  averages. . . . 

1,867 

64.83 

30.75 

1.362 

47.29 

25.32 

1,380 

47.92 

22.60 

Period n: 

Subperiod  1 

367 
276 
375 
322 

40.68 
38.34 
52.09 
44.72 

19.75 
26.10 
25.62 
27.11 

306 
337 
821 
340 

42.36 
46.81 
44.69 
47.22 

24.04 
23.66 
22.66 
23.86 

332 

317 
301 
367 

46.12 
44.03 
41.81 
60.98 

31.21 

Subperiod  2 

31.56 

Subperiod  3 

32.43 

Subperiod  4 

32.06 

Totals  and  averages.... 

1,330 

46.18 

24.44 

1,303 

4&24 

23.63 

1.317 

45.73 

31.82 

Period  III: 

Subperiod  1 

467 
643 
257 
401 

64.87 
75.42 
35.70 
55.70 

16.70 
20.20 
20.72 
21.02 

862 
483 
890 
399 

60.28 
67.09 
64.17 
65.42 

21.86 
20.28 
20.38 
19.68 

270 
388 
200 
379 

87.60 
40.00 
27.78 
62.64 

26.19 

Subperiod  2 

26.01 

Subperiod  3 

26.64 

Subperiod  4 

26.01 

Totals  and  averages. . . . 

1,668 

67.92 

19.53 

1,634 

66.74 

20.66 

1,237 

42.06 

26.22 

Period  IV: 

Subperiod  1 

166 
190 
194 
267 

21.67 
26.39 
26.94 
37.08 

28.96 
24.64 
26.07 
28.67 

249 
217 
211 
275 

34.68 
30.14 
29.31 
38.20 

21.39 
19.80 
20.73 
22.62 

277 
302 
253 
301 

38.48 
41.95 
35.14 
41.81 

27.58 

Subperiod  2 

27.31 

Subperiod  3 

30.21 

Subperiod  4 

31.67 

Totals  and  averages.... 

807 

28.02 

27.28 

962 

33.06 

21.12 

1,133 

39.34 

29.20 

124      INFLUENCE  OF  TYPE  AND  AGE  ON  TJTIUZATION  OF  FEED. 

If  the  absolute  amount  of  heat  given  off  as  latent  heat  of  water 
vapor  is  independent  of  whether  the  animal  is  standing  or  lying,  then 
in  any  subperiod  in  which  the  percentage  time  spent  standing  is 
greater  than  the  average  for  the  entire  period,  a  larger  percentage  of 
the  total  heat  would  tend  to  be  given  off  by  radiation  and  conduction, 
and  a  less  proportion  would  appear  as  latent  heat  of  water  vapor.  If, 
on  the  other  hand,  the  heat  given  off  as  latent  heat  of  water  vapor  is 
proportional  to  the  heat  given  off  by  radiation  and  conduction,  then 
the  ratio  between  the  two  would  be  unaffected  by  the  standing  or 
lying  of  the  animal. 

The  amount  of  heat  carried  off  in  the  water  vapor  is  also  influenced, 
however,  by  the  relative  humidity  of  the  ventilating  air  current  and 
by  its  temperature,  and  these  effects  might  mask  the  effect  of  the 
standing  and  lying  in  a  single  experiment.  The  forgoing  table, 
however,  allows  of  96  such  comparisons,  the  results  of  which  are  as 
follows: 

Out  of  46  Bubperiods  in  which  the  percentage  of  time  spent  standing  was  greater 
than  the  average  for  the  period,  there  were  23  cases  in  which  the  heat  carried  o£f  in  the 
water  vapor  was  above  the  average  for  the  period  and  23  in  which  it  was  below  the 
average  for  the  period. 

Out  of  50  subperiods  in  which  the  percentage  of  time  spent  standing  was  less  than 
the  average  for  the  period,  there  were  25  cases  in  which  the  heat  carried  off  in  the  water 
vapor  was  above  the  average  for  the  period  and  25  in  which  it  was  below  the  average 
for  the  period. 

In  other  words,  the  above  figures  give  no  indication  of  any  influence 
of  the  standing  and  lying  positions  upon  the  proportions  of  heat 
eliminated  as  latent  heat  of  water  vapor  and  by  radiation  and  con- 
duction, respectively.  An  entirely  similar  result  may  be  obtained  by 
similar  comparisons  of  the  results  of  the  experiments  upon  timothy 
hay  reported  in  Bulletin  51  of  this  bureau. 

Averagmg  the  percentage  of  total  heat  brought  out  in  the  water 
vapor  in  the  foregoing  46  and  50  subperiods,  respectively,  we  obtain 
the  following  averages: 

Percentage  of  heat  as  latent  heat  of  water  vapor. 

Percent. 

Time  spent  standing  greater  than  average 25. 73 

Time  spent  standing  less  than  average 25. 46 

The  foregoing  seems  to  justify  the  conclusion  that  the  percentage 
of  the  heat  which  is  given  oflF  as  latent  heat  of  water  vapor  is  inde- 
pendent of  the  standing  or  lying  of  the  animal  and  that  at  any  rate 
a  correction  of  the  observed  heat  production  based  upon  this  assump- 
tion will  probably  not  involve  any  serious  error.  The  method  of 
computing  the  correction  to  a  uniform  niunber  of  hours  of  standing 
and  lying  has  already  been  described  and  illustrated  in  Part  I, 
page  43. 
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HEAT  PRODUCTION  CORRECTED  TO  12  HOURS*  STANDING. 

With  the  exception  of  the  experiments  with  steer  A  in  1905,  the 
time  spent  standing  does  not  vaay  widely  from  12  hours  out  of  the  24, 
averaging  710  minutes.  It  will  be  convenient,  therefore,  to  correct 
the  heat  emission  to  12  hoiu^'  standing,  which  will  make  the  correc- 
tion relatively  small  in  most  of  the  experiments.  Applying  to  the 
several  periods  the  methods  of  computation  illustrated  in  Part  I,  and 
adding  the  same  correction  as  in  Table  90  for  the  gain  or  loss  of 
matter  by  the  body,  we  have  the  following  results  for  the  heat  pro- 
duction corrected  to  12  hours'  standing: 

Table  100. — Heai  prodiuUion  corrected  to  12  hours*  standing^  1905. 


Periods. 


I.. 
II. 
Ill 
IV 


Steer  A. 


Corrected 
total  heat 
emission. 


QUoriei, 
7,644.8 
8,474.2 
5,602.1 
6,778.1 


Correction 
for  gain  or 

loss  of 
matter  by 

body. 


Calories. 
+93.9 
-89.4 
—66.3 
-69.1 


Corrected 
total  heat 
produc- 
tion. 


Calories. 
7,738.7 
8,384.8 
5.635.8 
6,709.0 


Steer  B. 


Corrected 
total  heat 
emission. 


Caloriu. 
6,231.8 
7,461.7 
5,116.3 
5,996.7 


Correction 
for  gain  or 

loss  of 
matter  by 

body. 


CdUnies. 
+130.7 

-  43.1 

-  35.6 
-145.0 


Corrected 

total  heat 

produo- 

tion. 


Calories. 
6,362.5 
7,408.6 
5,060.7 
6,851.7 


AVAILABILITY   OF   METABOLIZABLE   ENERGY. 

By  substituting  the  foregoing  corrected  values  for  the  heat  pro- 
duction in  the  energy  balances  of  Table  91,  we  obtain  the  correspond- 
ing corrected  values  for  the  gain  or  loss  of  energy  by  the  body  of  the 
animal.  These  can  then  be  compared  with  the  amounts  of  metaboUzar 
ble  energy  supplied  in  the  feed.  In  the  foregoing  tables  the  energy 
value  of  the  growth  of  hair  and  brushings  has  been  given  separately. 
In  previous  pubUcations  this  has  been  treated  as  part  of  the  gain  by 
the  body,  but  in  strictness  it  should  not  be  thus  regarded.  The 
growth  of  hair  and  other  epidermal  tissue  goes  on  substantially  in4©- 
pendent  of  the  feed  supply,  except  possibly  in  extreme  cases,  and  is 
more  analogous  to  an  excretum  than  to  a  gain  of  tissue.  In  the  fol- 
lowing comparisons  ''Gain"  signifies  only  the  actual  increase  of 
protein  and  fat,  exclusive  of  the  growth  of  hair,  etc. 
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Tablb  101. — Corrected  ffcniM  ^  of  energy  by  the  animah,  1905. 


Periods. 


Period  I. 


MetaboUiable 

Bruahings  and  hair. . . 
Heat  (from  Table  100). 
Gain 


Total 


Period  11. 


Metabollsable 

Bmshlngs  and  hair. . . 
Heat  (from  Table  100). 
Gain 


Total 


Period  III. 


Metabollxable 

Brushinga  and  hair. . . 
Heat  (from  Table  100) . 
Gain 


Total 


Period  IV. 


Metabollxable 

Bruslilngs  and  hair. . . 
Heat  (from  Table  100). 
Gain 


Steer  A. 


iDoome. 


CaJorie», 
6,88B.l 


061.3 


7,840.4 


10,044.4 


10,044.4 


3,641.4 


2,006.1 


6.737.5 


Outgo. 


CakrUt. 


101.7 
7,738.7 


7,840.4 


101.7 

o,  oo4.  o 

1,557.9 


10,044.4 


101.7 
6,635.8 


5,737.5 


6,116.3 
"695.4 


101.7 
6,709.0 


Steer  B. 


Income. 


QOorie: 
5,647.6 


801.9 


6.440.4 


7,816.6 


7,816.6 


3,042.9 


2.124.7 


5,167.6 


4,897.7 


Total 


6.810.7 


6,810.7 


1.040.9 


5,938.6 


Outeo. 


Oatariet. 


86.9 
6,362.5 


},440.4 


86.9 

7,408.6 

321.1 


7,816.6 


86.9 
5.080.7 


5,167.6 


86.9 
5,851.7 


5.938.6 


1  A  gain  entered  under  the  heading  "Income"  is,  of  coarse,  a  negative  gain,  1.  e.,  a  loss. 

While  the  gain  or  loss  of  energy  by  the  animal  might,  of  course,  be 
compared  with  the  total  energy  suppUed  in  the  feed,  it  is  in  many  re- 
spects preferable  to  compare  it  with  the  metabolizable  energy.  In  this 
way  the  relation  is  made  more  independent  of  accidental  variations  in 
the  excretion  of  feces,  urine,  and  methane.  Thus,  for  example,  if  the 
excretion  of  feces  in  a  given  period  be  in  error  by  the  equivalent  of 
100  calories,  the  metaboUzable  energy  and  the  gain  of  energy  by  the 
animal  are  both  affected  by  an  equal  amount  and  in  the  same  direc- 
tion, so  that  the  relation  between  the  two  is  relatively  less  affected 
than  is  that  between  the  gain  and  the  total  energy  of  the  feed.  More- 
over, the  comparison  with  the  metabolizable  energy  would  seem  to 
afford  a  more  rational  comparison  of  the  physiological  processes  of 
nutrition  proper. 

The  average  live  weights  of  the  animals  for  the  last  six  weighings 
of  each  period  were  as  follows: 

Table  102. — Average  live  weights  in  calorimeter  experiments,  1905. 


Periods. 

steer  A. 

Steer  B. 

I 

Kito9. 
270.7 
279.1 
268.8 
277.5 

196.6 

II 

196.9 

Ill 

194.1 

IV 

189.6 

AVATLABTLTTY  OF  MKTABOLIZABI<B  ENEBOT,  1906. 
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TIMOTHY  HAY. 


A  comparison  of  Periods  III  and  IV  shows  the  availability  of  the 
metabolizable  energy  of  the  hay.  Correcting  for  the  differences  in 
live  weight  by  means  of  the  formula  in  Part  I  (p.  44),  in  which  m»  the 
percentage  availability,  we  have: 

Table  103. — Availability  of  metabolizable  energy  of  timothy  hay^  1905. 


Steer  A— Periods  IV-m. 


V  277.5/ 


fn^ 


Xk-3,641.4  yk- -2,096.1 

Z4- 6.1 15.3  y4--    605.4 

-2,096.1-(0.9781X- 


3,641.4- (0.9781  X    6,115.3) 


6^>-60.51  per  cent. 


Steer  B— Periods  IV-IIl. 


n— 


/ 194.1  \«/,_ 

\  189.6/ 


1.016 


m— . 


189.6 
Xa»3,042.9  yk- -2,124.7 

Z4- 4,897.7  ^4- -1,040.9 

■2,124.7 -( 1. 01 6X- 1,040.9) 

3,042.9- (l.Oiex     4,897.7) 


55.21  per  cent. 


WHEAT  BRAN. 


In  Periods  I  and  II  two  different  amoimts  of  wheat  bran  were  added 
to  the  basal  ration  of  Period  III.  By  comparing  either  Period  I  or  II 
with  Period  III,  or  by  comparing  Periods  I  and  II  with  each  other, 
we  have  the  basis  on  which  to  compute  the  availability  of  the  metab- 
olizable energy  of  the  bran.  Before  this  can  be  done,  however,  a  small 
correction  must  be  made,  in  the  manner  described  in  Part  I  (p.  45),' 
for  the  differences  in  the  amoimts  of  hay  consumed.  The  following 
table  contains  these  corrections  computed  on  the  basis  of  the  results 
for  the  average  metabolizable  energy  of  the  hay  per  gram  of  organic 
matter  contained  in  Table  94  and  those  for  the  percentage  availa- 
biUty  of  the  latter  contained  in  Table  103.  In  these  computations 
each  animal  is  considered  separately. 

Table  104. — Corrections  for  differences  in  amxmni  of  hay  eaten,  1905. 


Steer  A. 

Steer  B. 

Periods. 

Organic 

matter  of 

hay. 

Metaboliza- 
ble energy 
of  total 
rations. 

Gainby 
animaf. 

Organic 

matter  of 

hay. 

Metaboliza- 
ble energy 
of  total 
rations. 

Gain  by 
animal. 

Period  III 

Orama. 
1,919.6 
1,894.3 

Caiorie9. 

Cbioriet. 

Oranu. 
1,698.4 
1,643.2 

Cataries. 

Cbforfef. 

Period  I 

6,889.1 
46.9 

-061.3 
28.4 

5,647.6 
104.3 

—801.0 

Correction 

25.3 

fiS.2 

+  67.6 

Period  I  corrected 

1,919.6 

6,936.0 

—922.9          1.698.4 

fi.751.8 

—744.3 

' 

Period  in 

1,919.6 
1,910.8 

1,698.4 
1,697.2 

Period  n 

10,044.4 
16.3 

+1,557.9 
9.9 

7,816.6 
2.3 

+321. 1 

Correction 

&8 

1.2 

1.3 

Period  II  corrected 

1,919.6 

10,060.7 

+1,567.8 

1,606.4 

7,818.9 

+322.4 
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Using  these  corrected  figures  for  Periods  I  and  11,  the  computa- 
tions of  availabiUty  are  as  follows: 

Table  105. — Availability  of  metabolizabU  energy  o/vfheat  bran,  1906. 


Steer  A.-Periods  I-m. 


Steer  B.— Periods  I-m. 


(270:7)  *-o*"*i 


i^(L-)'/..o.«r 


«——«-, 


Xh-3,641.4  fk-  -2,096.1 

xi«  6,936.0  yi—  —   922.9 

2,096.1-(0.9951  X  -922.9) 
'3,641.4-(0.9951  X  6,936.0) "*"  P®' **"*• 


1R« 


1^3,042.9  y^  -2,124.7 

zi- 5,751 .8  ri-  -    744.3 

»2,124.7-C0.9847X  -744.3) 

3,043.9-(0.9847  X  5,751.8)  "**•  *"  P*^  **"^ 


Steer  A.— Periods  Il-m. 


Steer  B.— Periods  n-IH. 


m— 


/268.8\V»   «««« 
•-(2791;    -0W62 

X^  3,641.4  yk-  -2,096.1 

Xk- 10,060.7  yt-     1,567.8 

■2,096.1-(0.9752  X   1,567.8) 
3,641.4-(0.9752  X  10,060.7)  "^S-'*  P«  <«>t. 


^/l?yV/>.0  9904 
*"V  196.9^     -0.»,W4 


fli— 


Zk- 3,042.9 
zi- 7,818.9 

2,124.7- (0.9904  X    322.4) 
'3,042.9- (0.9904  X  7,818.9) 


Ik-  -2,124.7 
fr-        322.4 


—51.96  per  oeot. 


Steer  A.— Periods  II-I. 


Steer  B.— Periods  II-I. 


/270.7\»/i    «„^ 

»-V27ri;  -o»7w 


(iflel)  '-i«» 


yi-  -   922.9 
1,567.8 


Zi-  6,936.0 
Xk- 10,060.7 

-    922.9-(0.97(r  X    1,567.8) 
6,936.0-(0.9797  X  10,060.7) ■**"* P*' <*°'- 


yi-  -744.3 
yk-     322.4 


Zi-5,751.8 
Zr- 7,818.9 

^,    744.3-(1.006X     322.4) 
"*"■     6,751.8-(1.006  X  7,818.9)  "^-^  ^  «*°^ 


The  results  of  this  series  are  summarized  in  Table  106  and  repre- 
sented graphically  in  figure  7  on  page  47,  where  the  abscissas  repre- 
sent the  metabolizable  energy  of  the  feed  and  the  ordinates  the  gain 
or  loss  by  the  body  of  the  animal.  The  diagram  includes  the  correc- 
tions for  the  hay  and  for  the  differences  in  live  weight. 

Table  106. — Summary  of  percentage  availability  of  metabolizabU  energy,  1905. 


Steer  A. 

Steer  B. 

Timothy  hay: 

Periods  in  and  IV 

Percent. 
60.51 

58.74 
36.11 
84.18 

Percent. 
55.21 

Wheat  bran: 

Periods  n  and  in 

51.96 

Periods  I  and  III 

53.10 

Periods  I  pnd  Ti  - .      ...         .         ....... 

50.55 

BBSPIBATION  CALOBDCBTEB  EXPBBIMENTS  OF  1906. 

Beginning  on  December  4,  1905,  the  attempt  was  made  to  repeat 
the  experiments  of  1905  upon  wheat  bran  and  timothy  hay.  The 
animalS;  however,  showed  the  same  distaste  for  the  exclusive  bran 
ration  as  in  the  previous  year  and  in  view  of  the  experience  of  that 
year  it  was  thought  better  on  the  whole  to  abandon  the  attempt  and 
to  use  in  the  calorimeter  experiments  the  same  grain  mixture  which 
was  employed  in  the  general  feeding. 
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FEEDINQ  STUFFS. 

Hay. — The  hay  used  was  from  the  same  crop  as  that  employed 
during  the  previous  year,  and,  although  it  had  been  stored  for  more 
than  12  months,  was  in  excellent  condition.  It  was  nearly  pure 
timothy  containing  very  little  red  clover.  Somewhat  less  than  1,000 
kilograms  was  run  through  the  feed  cutter  on  December  12,  1905. 
DupUcate  samples  were  taken  as  in  the  previous  year,  and  the  re- 
mainder was  stored  in  the  same  loft  previously  used.  The  composi- 
tion of  the  two  samples  taken  at  this  time,  as  well  as  of  those 
subsequently  taken  when  the  rations  were  weighed  out  for  the  several 
periods,  was  as  shown  in  the  following  table.  It  will  be  observed 
that  the  two  general  samples  agree  very  closely  in  composition. 
Those  taken  later  show  a  somewhat  higher  percentage  of  nitrogen, 
with  the  exception  of  that  in  Period  III,  and  also  rather  more  crude 
fiber,  but  the  differences  hardly  seem  sufficient  to  seriously  disturb 
the  comparison  of  the  periods.  That  the  hay  differed  considerably 
in  composition  from  that  of  the  previous  year  may  have  been  due 
to  variations  in  quahty  in  different  parts  of  the  mow,  or  possibly  to 
greater  losses  in  handling  in  the  experiments  of  1905. 

Table  107. — Composition  of  dry  matter  of  timothy  hay,  1906. 


General  samples. 

Samples  taken  during  experiments- 

Components. 

A. 

B. 

Average. 

Period 
I. 

Period 
II. 

Period 

m. 

Period 
IV. 

Ash 

Percent. 

5.87 

6.69 

.84 

33.29 

50.65 

2.66 

Percent. 

5.85 

6.74 

.81 

32.76 

51.38 

2.46 

Percent. 

5.86 

6.72 

.83 

33.02 

51.01 

2.56 

Percent. 

5.71 

7.52 

.56 

34.46 

49.07 

2.68 

Percent. 

5.45 

7.28 

.75 

33.29 

50.68 

2.55 

PercerU. 

5.82 

7.11 

.50 

34.06 

50.73 

1.78 

Percent. 
5.87 

Protein' 

7.58 

Nonprotein  * 

.66 

Cmde  fiber 

34.10 

Nitrogen-free  extract 

49.82 

Ether  extract 

1.97 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Total  nitrogen 

1.250 
1.071 

1.252 
1.079 

1.251 
1.075 

1.324 
1.204 
46.52 
7.02 

OaXoriet. 
4.4831 

1.325 
1.165 
46.65 
6.39 

Oaloriet. 
4.4837 

1.245 
1.138 
47.32 
6.52 

Oaloriee. 
4.5098 

1.354 

Protein  nitrogen. .  . 

1.213 

Carbon ". 

46.72 

Hydrogen 

6.35 

Qilories. 
4.5669 

Qdories. 
4.4548 

QOorie*. 
4.5159 

CaJariet. 
4.5090 

1  Computed  from  nitrogen,  using  the  factors  stated  in  Part  III,  page  203. 

Grain.— The  grain  consisted  of  a  mixture  of  one  part  of  bran, 
three  of  com  meal,  and  three  of  old-process  linseed  meal  by  weight. 
The  reqidred  daily  amount  of  each  grain  was  weighed  out  separately 
and  each  day's  ration  mixed  before  feeding,  samples  of  the  individual 
grains  being  taken  at  the  same  time,  the  analyses  of  which  are  con- 
tained in  the  table  following. 
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Table  108. — Composition  of  dry  maUer  of  grain,  1906. 


1 

Wheat  bnn. 

Com  meal. 

Unseed  meaL 

Components. 

Period 
L 

Period 

n. 

Period 
I. 

Period 

n. 

Period 
L 

FenoQ 

A?h 

Percent. 
1&90 
15.01 

2.29 

9.40 
61.64 

4.76 

Percent. 

&93 
13.43 

2.96 

9.80 
62.16 

4.73 

1.53 
9.17 
1.11 
2.11 
80.83 
5.25 

Percent. 
1.50 
9.23 
.15 
2.16 
81.69 
5.27 

5.72 
26.21 

6l79 

8l76 
43.88 

&64 

PereenL 

5.79 

Proteins 

Nonnrotfiin  *. 

25.09 
6.21 

Cnide  fiber 

fllOl 

Nitrogen-free  extract 

45.82 

Etbereztnct 

&0S 

100.00 

100.00 

100.00 

100.00 

100.00 

loaoo 

Total  nltn>gMi , , , 

3.121 
Z634 
45.02 
6.94 

CUoriet. 
4.5435 

2.9t4 
2.356 
45.54 
6.91 

Calorie*. 
4.5136 

1.7G5 
1.529 
45.90 
7.04 

CUorief. 
4.5229 

1.571 
1.539 
46l25 
7.13 

OaUtrk*. 
4.5360 

6u210 
4.766 
48.18 
6.84 

aiUrlee. 
4.9088 

5.884 

Protein  nitrogen 

4.562 

Carbon T 

4&16 

HydrMmn ^ .      .  . , 

6.88 

Rnenry — per  rnun 

4.9117 

1  Calculated  from  composite  sample. 

*  Computed  from  nitrogen,  using  the  factors  stated  In  Part  m,  page  203. 

As  the  grains  were  being  weighed  out,  an  additional  portion  of  the 
mixed  grain  was  prepared  and  an  analysis  made  of  this  as  a  check 
upon  the  results  of  the  single  analyses.  Table  109  shows  the  compo- 
sition of  these  composite  samples  as  compared  with  the  composition 
computed  from  the  weights  and  composition  of  individual  grains, 
the  results  showing  a  very  satisfactory  agreement. 

Table  109. — Composition  of  dry  matter  of  mixed  grain,  1906, 


Components. 


Period  L 


Period  n. 


Computed. 


Ash 

Protein* 

Nonprotein  1 

Cruae  fiber 

Nitrogen-free  extract 
Ether  extract 

Total  nitrogen 

Protein  nitrc^en 

Carbon 

Hydrogen 

Energy  per  gram 


Percent. 
4.09 
17.31 
3.71 
6.00 
G2.26 
6.63 


100.00 


3.864 
3.074 
46.75 
6.94 

Calories. 
4.6912 


Compoeite 
sample. 

Computed. 

Percent. 

Percent. 

4.22 

4.11 

16.91 

16.63 

3.65 

3.15 

6.49 

6.19 

62.11 

63.52 

6.62 

6.40 

100.00 

100.00 

3.720 

3.621 

2.944 

2.951 

46.51 

46.97 

6.94 

6.99 

Oahriee. 

QOorie*. 

4.6025 

4.6695 

Composite 
sampk. 


PereenL 
4.23 

17.09 
3.75 
6.57 

02.72 
6.64 

100.00 

3.773 
2.976 
47.20 
&86 

Oaloria. 
4.7079 


*  Computed  from  nitrogen,  using  the  factors  stated  in  Part  UI,  page  203. 
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PERIODS  AND  RATIONS. 

Beginning  December  4,  1905,  the  grain  feed  of  the  steers,  which 
up  to  that  time  had  been  the  mixture  of  bran,  corn  meal,  and  linseed 
meal  used  in  the  general  feeding,  was  gradually  changed  to  bran 
alone,  which  was  fed  December  17  to  22,  inclusive.  As  already 
stated,  it  was  not  well  relished  by  the  animals,  the  amounts  eaten 
were  small,  and  no  gain  in  weight  was  made.  Accordingly,  a  return 
was  made  to  the  mixed-grain  feed,  the  experimental  periods  beginning 
January  7  for  steer  A  and  January  14  for  steer  B.  The  dates  of  the 
periods  and  the  rations  given  were  as  follows,  the  dates  bemg  in- 
clusive, as  in  previous  experiments,  and  a  day  signifying  the  24 
hours  ending  at  6  p.  m.  on  the  date  named:* 

Tablb  110.— Periods,  1906. 


Periods. 


Steer  A. 


Preliminary 
feeding. 


Transition  feeding  K 

n 

ra 

IV 


Jan,7tol7 

Jan  28  to  Feb.  8. . 

Feb.  4  to  14 

Feb.  25  to  Mar.  7. 
Mar.  18  to  28 


Excreta 
collected. 


Jan.  18  to  27. 


Feb.  15  to  24 

Mar.8tol7 

Mar.  29  to  Apr.  7. 


Steer  B. 


Frelfmlnary 
feeding. 


Tan.  14  to  24 

Feb.4tol0 

Feb.  11  to  22 

Mar.  4  to  14 

Mar.  25  to  Apr.  4. 


Excreta 
coUeoted. 


Jan.  25  to  Feb.  2. 

Feb.  23  to  Mar.  3. 
Mar.  15  to  24 
Apr.  5  to  14. 


>  Amount  of  grain  gradually  increased. 
Tablb  lll.—DaUy  rations,  1906. 


Steer  A. 

steer  B. 

• 

Periods. 

Timothy 
hay. 

Wheat 
bran. 

Com 
meal. 

Linseed 
meal. 

Timothy 
hay. 

Wheat 
bran. 

Com 
meaL 

Linseed 
meal. 

I 

OratM. 
8,000 
3,000 
3,000 
5,000 

Oramt. 
300 
700 

Oramt. 

900 

2,100 

Oramt. 

900 

2,100 

Oramt. 
2,800 
2,800 
2,800 
4,300 

Oramt. 
200 
357 

Oramt. 

600 

1,072 

Oramt. 
600 

n 

1,071 

m 

IV 
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DIOE8TIBILITY  OF  THE  RATIONS. 

The  experimental  methods  were  the  same  as  those  of  the  previous 
year.  From  the  data  in  Tables  VII  and  VIII  of  the  appendix,  the 
digestibiUty  of  the  rations  is  computed  in  Tables  112  to  119. 

Tablb  112.— Feed  and  excreta— Period  1, 1906. 


Steer  A. 

Steer  B. 

Num- 
ber of 
days. 

Fmh 
weight. 

Dry  matter. 

Nam- 
berof 
days. 

Frcdi 
weight. 

Dry  matter. 

Timothy  hay: 

Total 

10 

Orapu. 

30,000.0 

6.8 

29,994.2 

2,999.4 

8,000.0 
300.0 

9,000.0 
900.0 

9,000.0 
900.0 

77,372.0 

Percent. 

86.05 
96.58 

Orams. 
26,065.0 
6.6 
26.079.4 

2,607.9 

2,507.7 
259.8 

7,340.4 
734.9 

7,973.1 
797.3 

14,607.8 
1.0 

9 

9 
9 
9 
9 

Oranu. 
25,200.0 
16.0 
25,184.0 

2,798.2 

1,800.0 
200.0 

5,400.0 
600.0 

5,400.0 

6oao 

50,806.0 

Percent. 
86.95 
84.38 

Oranu. 
21,011.4 
13.5 

Uneaten 

Eaten 

31,897.9 
2,433.1 

1,658.6 
173.2 

Eaten  per  day 

Wheat  bran: 

Total 

10 

86.59 

86.50 

Eaten  per  day 

Com  meal: 

Total 

Eaten  per  day 

10 

81.66 

81.66 

4,400.6 

49ao 

Llnaeedmeal: 

Total 

10 

88.99 

88.50 

4,783.9 
631.5 

Eaten  per  day. ...... 

Feoee: 

Collected 

10 

18.88 

22.50 

11,818.6 

Bpilled,  Jan.  24 

Spilled,  Jan.  81 

7.2 

20.0 

60,332.2 

6,602.4 

87.98 
63.06 

6.3 

In  duct 

187.8 

77,5S9.8 

7,766,0 

22.63 

42.5 

14,651.3 

1,465.1 

12.6 

Total 

11,837.5 

Excreted  ner  day .... 

1,259.7 

Table  llS.—Dige8tihility  of  rations — Period  1, 1906, 


BteerA, 

Timothy  hay... 

Wheat  bran 

Com  meal 

lilnaeed  meal... 

Total 

Feces 

Digested 

Percentage  di- 
gestibility... . 

Steer  B. 

Timothy  hay... 
Wheat  bran. . . . 

Com  meal 

Linseed  meal. . . 

Total 

Feoes* 

Digested 

Percentage  di- 
gestibility.... 


.  Drr 

matter. 


Oranu 

2,607.9 

259.8 

734.9 

797.3 


4,dvv.  9 
1,465.1 


2,934.8 
66.70 


2,433.1 
173.2 
490.0 
531.6 


3,627.8 
1,250.7 


2,368.1 
66.281 


Ash. 


Onu. 

148.9 

1  17.9 

11.2 

46.6 


Or- 
ganic 
matter. 


Orame.^ 

2,459.0 

241.9 

723.7 

751.7 


223.6 
138.7 


4.176.3 
1,326.4 


84.9 
37.97 


2,840.9 
68.24 


138.9 

U2.0 

7.5 

30.4 


188.8 
114.4 


74.41 
39.41 


2,294.2 
161.2 
482.5 
601.1 


3,439.0 
1.146.3 


2,293.7 
66.70 


Pro- 
tein. 


Onu 

196.1 

39.0 

67.4 

209.0 


611.6 
195.7 


315.8 
61.74 


183.0 
26.0 
44.9 

139.3 


393.2 
157.1 


236.1 
60.05 


Non- 
pro- 
tein. 


Onu. 

14.6 
5.9 
8.2 

64.1 


82.8 


82.8 
100.00 


13.6 
4.0 
6.4 

36.1 


59.1 


59.1 
100.00 


Crude 
fiber. 


Oranu. 

898.7 

24.4 

16.6 

69.8 


1,008.4 
466.4 


652.0 
64.74 


838.4 
16.3 
10.3 
46.6 


911. 6{ 
406.1 


503.5 
55.23 


Nitro- 
gen-free 
ex- 
tract. 


Orame. 

1,279.7 
160.1 
594.0 
349.9 


2,383. 
643.; 


1,740. 
73.02 


1,193.9 
106.7 
396.1 
233.21 


1,929.9 
653.5 


1,376.4 
71.32 


Ether 
ex- 
tract 


Onu. 
09.9 
12.4 
38 
68. 


6 


189.8 
31.1 


158.7 
83.61 


65.2 

8.2 

25.7 

46.9 


145.0 
26.6 


118.4 
81.06 


Total 
ni- 
tro- 
gen. 


€fnu. 

34.5 

8.1 

IS. 

48.6 


106.1 
81.3 


73.8 
70.22 


82.2 
5.4 
8. 

83.01 


79.2 
25.2 


54.0 
68.18 


Car- 
bon. 


Oranu. 


1,213.2  183.1 


dro- 
gen. 


Onu. 


117.0 
837.3 
884.1 


2,061. 
699. 


1,351.7 
65.89 


1,131.9 

78.0 

224.9 

256.1 


1,690.9 
606.7 


1,064.2 
64.12 


18.0 
51.7 
54.5 


807.3 
93.5 


213. 
69.561 


170.8 
12.0 
34.5 
36l4 


253.7 
79.9 


173.8 
66.51 


En- 


Qdoriet. 

11,691.5 
1,180.4 
8,328.9 
8,913.8 


20,109.6 
6,855.6 


813 


,254.0 
65.91 


10,907.8 

78&0 

3.216.2 

2.609.0 


16,510.0 
5.980.0 


10,580.0 
64.10 


^Estimated. 
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Tablb  114.— Feed  and  excreta— Period  II,  1906. 


Ttmothy  hay: 

Total 

Uneaten 

Eaten 

Eaten  per  day. 
Wheat  bran: 

Total 

Eaten  per  day. 
Oonimeal: 

Total 

Eaten  per  day. 
Linaeed  meal: 

Total 

Eaten  per  day. 


GoUected 

Indoot 

8piUed,Feb.  16.. 
8pmed,Feb.l8.. 
Spilled,  Feb.  20.. 
8pUled,Feb.23.. 
Spilled,  Mar.  1... 

Total 

Excreted  per  day. 


Steer  A. 


Nmn- 
berof 
days. 


10 


10 


10 


10 


10 


Fresh 
weight. 


Qrami. 

30,000.0 

10.6 

20,g«).6 

2,006.1 

7,000.0 
700.0 

21.000.0 
2,100.0 

21,000.0 
2,100.0 

130,310.0 
1,103.6 
27.6 
0.0 
33.6 
16.8 


140,587.3 
14,068.7 


Dry  matter. 


Percent. 
87.76 
06.41 


85.20 


82.54 


87.76 


15.43 
17.12 
33.00 
75.00 
45.07 
84.85 


Qrame. 

26,328.0 

18.8 

26,300.2 

2,630.0 

5,064.0 
506.4 

17,333.4 
1,733.3 

18,429.6 
1,843.0 

21,405.6 

204.3 

9.1 

4.5 

15.3 

14.3 


21,743.0 
2,174.3 


Steer  B. 


Num- 
ber of 
days. 


Fresh 
weight. 


Qramt. 

25,200.0 

31.2 

25,168.8 

2,796.5 

3,213.0 
367.0 

0,468.0 
1,072.0 

9.639.0 
1,071.0 

70,250.0 
574.2 


10.0 

79.834.2 

8,870.6 


Dry  matter. 


Per  cent. 
87.76 
96.15 


85.20 
82.54 


87.77 


18.18 
20.44 


62.00 


Orvma. 

22,115.6 

30.0 

22,065.5 

2,453.9 

2,737.5 
304.2 

7,963.6 
884.8 

8,400.2 
040.0 

14,407.7 
117.4 


5.2 

14,530.3 

1,614.6 


Table  115.— DigestibilUy  of  rations— Period  II,  1906. 


SUerA. 

Tfanothyhay.. 
Wheat  bran.... 

Com  meal 

Linseed  meal... 

Total.... 
Feces 

Digested 

Percentage    dl- 
.   gestiMUty.... 

Steer  B. 

VhaoiQijhKy... 

Wheat  bran 

Com  meal 

Linseed  meal... 

Total 

I 

Digested 

Feroentage    di- 
gestibility.... 


Dry 
matter. 


Oranu. 
2,630.fl 

506. 
1,733. 
1,843. 


8 


6,803.8 
2,174.8 


4,629. 
68.041 


2,453.9 
304.2 

940.0 


4,682.9 
1,614.5 


2,968.4 
64.77 


Ash. 


Onu. 
143.41 

41. 

26.01 
106.7 


317.4 
184.8 


132.6 
41.78 


133.7 
21.1 
13.3 
64.4 


222.5 
139.0 


83.5 
37.53 


Organic 
matter. 


Orame. 
2,487.5 
555.1 
1,707.8 
1,736.5 


6,486.41 
1,969.5 


4,406.9 
09.88 


2,320.2 
283.1 
871.6 
885.6 


4,360.4 
1,475.5 


2,884.9 
66.16 


Pro- 
tein. 


Onu. 
191.61 
80.1 
160.0 
462.4 


894.0 
363.5 


530.5 
69.34 


178.6 
40.8 
81.7 

235.8 


536.0 
218.8 


318.1 
50.25 


Non- 
ro- 
iln. 


0ms. 

10.7 

17.6 

2.6 

114.6 


154.4 


154.4 
100.00 


18.4 
9.0 
1.3 

68.4 


Grade 
fiber. 


Nitro- 
gen -free 
extract 


Oma.  Oranu. 
875.8   1,333.3 


68.4 

37.4 

166.1 


370.7 
1,415.9 
844.5 


1,137.7 
694.7 


443.0 
38.94 


87.1 


816.9 
29.8 
19.1 
84.7 


3,964.4 
883.4 


3,061.0 
77.72 


1,243.6 
180.1 
722.8 
430.7 


Ether 
ex- 

tract 


Onu 
67. 
28.2 
91.3 

148.9 


335.5 
47.8 


287.7 
85.75 


050.5 
563.6 


2,586.2 
661.0 


87. If  386.9 
100.00  40.70 


62.6 
14.4 
46.6 
76.0 


109.6 
82.1 


1,926.2.  167.5 
74.44  83.92 


Total 
nitro- 
gen. 


Onu. 
84.9 
17.8 
27.2 

106.4 


188.3 
68.2 


130.1 
69.00 


Carbon, 


Oranu. 

1,227.3 
271.6 
801.7 
887.6 


3,188.2 
1,045.8 


2,142.4 
67.20 


32.5 

9.1 

13.9 

65.3 


110.8 
85.0 


75.8 
68.41 


1,144.7 
138.5 
409.2 
452.7 


2,145.1 
760.6 


1,375.5 
64.12 


dro- 
gen. 


Onu. 
168.1 
41.2 
123.6 
126.8 


459.7 
145.0 


814.7 

68.46 


156.8 
21.0 
63.1 
64.7 


305.6 
105.7 


199.9 
65.41 


Eneigy. 


CbXoriet. 

11,796.2 
2,601.0 
7,844.7 
0,062.3 


31,385.1 
10,196.6 


21,188.6 
67.  SI 


11,002.6 
1,373.0 
4,004.6 
4,617.0 


20,007.2 
7,476.3 


13,520.9 
64.80 
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Tablb  11^.-— Feed  and  excreta— Period  III,  1906. 


Steer  A. 

Steer  B. 

Num- 
ber of 
days. 

Fneh 
weight. 

Dry  matter. 

Num- 
berof 
days. 

Fresh 
welicht. 

Dry  matter. 

Timothy  hay: 

Totol 

10 

Oranu. 
30,000.0 

Percent. 
88.25 

Granu. 

26,475.0 

3.4 

26,471.6 

2,647.2 

11,960.1 

10.3 

10.7 

1.1 

11,991.2 

1,199.1 

10 

Oranu. 
28,000.0 

Percent. 
88.25 

Oranu. 
24,7ia0 

TTnmten 

7.2 

SAtm    

24,702.8 

Rfttfin  TMHf  dev ....... 

2,470.3 

onimu  ^««a  \Mnj  ....... 

Feces: 

Collected 

10 

54,980.0 
11.3 
89.2 

21.77 
91.15 
27.30 

10 

46,545.0 

23.12 

10,761.3 

flnilled.  Mar.  15 

In  duct 

3.3 

Wsshed  from  doot. . . 

4.3 

Total 

56,030.5 
5,503.1 

46,545.0 
4,654.5 

10,768.8 

Exnreted  Der  dav .... 

1,076.9 

Tabus  117 .—DigeaUbility  of  raJtUm^— Period  III,  1906. 


Dry 
matter. 

Ash. 

Organic 
matter. 

Pro- 
tein. 

Non- 
protein. 

Crude 
fiber. 

Nitro- 
gen-ikee 
extract. 

Ether 
ex- 
tract. 

Total 
nitro- 
gen. 

Gerbon. 

dro- 
gen. 

Energy. 

Steer  A. 

Timothy  hay  . 
Feces 

Oranu. 
2,647.2 
1,199.1 

Qnu. 

154.1 

79.1 

Oranu. 
2,403.1 
1,120.0 

Qnu. 
188.2 
128.4 

Oram: 
13.2 

Onu. 
901.6 
415.0 

Oranu. 

1,342.9 

551.8 

Qnu. 
47.1 
24.7 

Qnu. 
33.0 
20.5 

Oranu. 

1,252,7 

580.2 

Qnu. 
172.6 

78.5 

11.938.3 
6,757.0 

Digested 

Percentage  di- 
gestibility... 

1,448.1 
64.70 

75.0 
48.67 

1,373.1 
55.06 

59.8 
31.77 

13.2 
100.00 

486.6 
53.97 

791.1 
68.91 

22.4 

47.56 

12.5 
37.88 

663.5 
62.97 

94.1 
54.62 

6,181.3 
51.78 

Steer  B. 

Timothy  hay.. 
Feces 

2,470.3 
1,076.9 

143.8 
83.0 

2,326.5 
993.9 

175.6 
113.7 

12.4 

841.4 
351.5 

1,253.2 
503.8 

44.0 
24.9 

80.8 
18.2 

'•^•!! 

161.1 
71.1 

11,140.0 
6,168.3 

Digested 

Percentage  di- 
gestibility... 

1,393.4 
56.41 

60.8 
42.28 

1,332.0 
57.28 

61.9 
35.25 

12.4 
100.00 

489.9 
58.22 

749.4 
59.80 

19.1 
43.41 

12.6 
40.91 

636.0 
64.41 

oao 

65.87 

5,972.3 
53.61 

Table  118.— i^eaf  arid  excreta—Period  IV,  1906. 


Thnothy  hay: 

Total 

Eaten  per  day 

Feces: 

Oolleoted 

Spilled,  liar.  13.. 

Induct 

Total 

Excreted  per  day. 


Num- 
ber of 
days. 


10 


Steer  A. 


10 


Fresh 
vdght. 


Oraitu. 

50,000.0 

5,000.0 

109,865.0 


170.3 

110,035.3 

11,003.5 


Dry  matter. 


Perceni. 
88.49 


18.86 


17.92 


Oranu, 

44,245.0 

4,424.5 

20,720.5 


30.5 

20,751.0 

2,075.1 


Num- 
ber of 
days. 


10 


10 


Steer  B. 


Fresh 
weight. 


Orvnu. 

43,000.0 

4,300.0 

83,585.0 

.     28.5 

03.7 

83,705.2 
8, 37a  5 


Dry  matter. 


Percent. 
88.40 


90.44 
60.94 
86.31 


CrfBHU. 
38,060.7 
3,806.1( 

17,084.8 

13.5 

80.0 

17, 179. a 

1,717.0 
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Dry 

matter. 

Aah. 

Organic 
matter. 

Pro- 
tein. 

Non- 
pro- 
tein. 

Crude 
fiber. 

Nitro- 
gen-free 
tract. 

Ether 
ex- 
tract. 

Total 
nitro- 
gen. 

Carbon. 

dro- 
gen. 

ElMIgJ. 

steer  A. 

Timothy  hay.. 
Feces 

Qramt. 

4,424.5 

2,075.1 

Omg. 
259.7 
148.4 

Chranu. 
4,164.8 
1,926.7 

Oms. 
335.4 
216.6 

Oms. 
29.2 

Orams. 

1,508.8 

723.4 

(Tranu. 

2,204.3 

942.3 

ChfM. 
87.2 
44.4 

Oms. 
59.9 
34.7 

Grams. 
2,067.1 
1,013.9 

Oms. 

281.0 

131.4 

QUortes. 

19,950.2 

9,957.4 

Digested 

Percentage  dl- 
gestibiUty... 

2,349.4 
53.10 

111.3 
42.86 

2,238.1 
63.74 

118.8 
35.42 

29.2 
100.00 

785.4 
52.05 

1,262.0 
57.25 

42.8 
49.06 

25.2 
42.07 

1,053.2 
50.95 

149.6 
53.24 

9,992.8 
60.00 

SUerB. 

Timothy  hay.. 
Feces 

3,805.1 
1,717.9 

223.4 

128.0 

3,581.7 
1,589.9 

288.4 
184.3 

25.1 

1,297.6 
576.5 

1,805.7 
794.4 

75.0 
36.7 

51.5 
29.5 

1,777.7 
851.2 

241.6 
115.6 

17,157.3 
8,235.7 

Digested 

Percentagedi- 
gestiblUty... 

2,087.2 
54.85 

95.4 
42.70 

1,991.8 
55.61 

104. 1     25. 1 
86.10100.00 

722.0 
55.65 

1,101.3 
58.09 

39.3 
52.40 

22.0 
42.72 

926.5 
52.12 

126.0 
52.15 

8,921.0 
62.00 

DIGESTIBILITY  OF  TIMOTHY  HAY  AND  OF  MIXED   GRAIN. 

The  average  digestibility  of  the  timothy  hay  in  Periods  III  and  IV, 
computed  as  in  the  experiments  of  the  previous  year,  i.  e.,  giving 
weight  to  each  period  in  proportion  to  the  amount  of  hay  eaten,  is 
shown  in  Table  120,  while  Table  121  contains  the  computation  of  the 
digestibility  of  the  mixed  grain. 

Table  120. — Average  digestibility  of  timothy  hay,  1906. 


Dry 
matter. 

Ash. 

Organic 
matter. 

Pro- 
tein. 

Non- 
pro- 
tehi. 

Crude 
fiber. 

Nltro- 
gen  -free 
extract. 

Ether 
ex- 
tract. 

Oms. 
47.1 

87.2 

Total 
nitro- 
gen. 

Carbon. 

Hy. 
dro- 
gen. 

Energy. 

Steer  A. 

Fed  in  Period 
TIT 

Fed  in  Period 
IV 

Chrams. 
2,647.2 

4,424.5 

Oms. 
154.1 

259.7 

Orams. 
2,493.1 

4,164.8 

Oms. 
188.2 

335.4 

Oms. 
13.2 

29.2 

Orams. 
901.6 

1,508.8 

1 

Orams. 
1,342.9 

2,204.3 

Oms. 
33.0 

59.0 

Orams. 
1,252.7 

2,067.1 

Oms. 
172.0 

281.0 

Calories. 
11,938.3 

19,950.2 

Totrf... 

7,071.7 

413.8 

6,657.9 

523.6 

42.4 

2,410.4 

3,547.2 

134.3 

92.9 

3,319.8 

453.6 

31,888.5 

Digested     in 
Period  m... 

Digested      in 
Period  IV... 

1,448.1 
2,349.4 

75.0 
111.3 

1,373.1 
2,238.1 

59.8 
118.8 

13.2 
29.2 

486.6 
785.4 

791.1 
1,262.0 
2,053.1 

67.88 

22.4 

42.8 

12.5 
25.2 

663.5 
1,053.2 

94.1 
149.6 

6,181.3 
9,902.8 

Total... 
Percentage  di- 
gestibility... 

3,797.5 
53.70 

188.3 
45.02 

3,611.2 
54.24 

178.6 
34.11 

42.4 
100.00 

1,272.0 
52.77 

65.2 
48.55 

37.7 
40.58 

1,716.7 
51.71 

243.7 
53.73 

16,174.1 
50.72 

Steer  B. 

Fed  in  Period 
III 

Fed  in  Period 
IV 

2,470.3 
3,805.1 

143.8 
223.4 

2,326.5 
3,581.7 

175.6 
288.4 

12.4 
25.1 

841.4 
1,297.5 

1,253.2 
1,895.7 

44.0 
75.0 

30.8 
51.5 

1,169.0 
1,777.7 

161.1 
241.6 

11,140.6 
17,157.8 

Total... 

6,275.4 

367.2 

5,908.2 

464.0 

* 

37.5 

2,138.9 

3.148.9 

119.0 

82.3 

2,946.7 

402.7 

28,297.9 

Digested     in 
Period  m... 

Digested      in 
Period  IV... 

1,393.4 
2,087.2 

60.8 
95.4 

1,332.6 
1,991.8 

61.9 
104.1 
166.0 
35.78 

12.4 
25.1 

489.9 
722.0 

749.4 
1,101.3 

19.1 
39.3 

12.6 
22.0 

636.0 
926.5 

90.0 
126.0 

5,972.8 
8,921.6 

Total . . . 
Percentage  di- 
gestibifity... 

3,480.6 
55.46 

156.2 
42.54 

3,324.4 
56.27 

37.5 
100.00 

1,211.9 
56.66 

1,850.7 
68.77 

58.4 
40.08 

34.6 
42.04 

1,562.5 
53.03 

216.0 
53.64 

14,883.9 
52.63 
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Tablb  121. — CompuUd  dige$HbU%tif  of  mixed  grain,  1906. 


Dry 

matter. 

Aafa. 

Organic 
matter. 

Pro. 
tein. 

NOD- 

£ln! 

Gnu. 
82.8 

14.6 

Crude 
fiber. 

Nitro- 
gen4ree 
extract 

Ether 
ex- 
tract. 

Total 
nitro> 
gen. 

CsrboiL 

dro- 
gen. 

Eneigy. 

SUerA. 

Period  I: 

Total     di- 
gested.... 

Computed 
dJ«BsUble 
In  nay.... 

Oranu. 
2,834.8 

1,400.4 

Om*. 
84.9 

07.0 

Orunu. 
2,849.9 

1,333.8 

Gmt. 
315.8 

66.9 

0ms. 
552.0 

474.2 

Ofmt, 
1,740.5 

740.7 

Omt. 
158.7 

83.9 

Obi*. 
73.8 

14.0 

Gmmt. 
1,361.7 

027.3 

Gnu. 
213.8 

98.4 

CaJoriet. 
U,  254.0 

5,929.9 

Dteested 
from 
pain... 
Totd      in 
grain. — 
Percentage 
digesti- 
bflfty.... 

1,534.4 
l,7U.O 

86.03 

17.9 
74.7 

23.96 

1,516.1 
l,n7.3 

88.28 

24&9 
315.4 

78.92 

68.2 
68.2 

100.00 

77.8 
109.7 

70.92 

909.8 
1,104.0 

90.56 

124.8 
119.9 

104.09 

59.8 
70.6 

84.70 

724.4 
838.4 

86.40 

115.4 
124.2 

92.91 

7,3311 

8,418.1 

87.00 

88.78 

Period  II: 

Total     di- 
gested  

Computed 
digestible 
In  nay.... 

4,020.6 
1,412.8 

132.0 
04.6 

4,406.9 
1,349.2 

63a5 
65.3 

154.4 
19.7 

443.0 
462.2 

3,061.0 
7n.7 

287.7 
32.6 

130.1 
14.2 

2,142.4 
634.6 

314.7 
90.3 

21,188.5 
5,963.0 

Digested 
from 
gndn... 
Total      in 

Percentage 
digesU- 
bfllty 

3,210.7 
4,172.0 

77.00 

08.0 
174.0 

39.08 

3,147.7 
3,998.9 

78.71 

406.2 
708.5 

66.22 

134.7 
134.7 

100.00 

-19.2 
261.9 

-  7.33 

2,309.3 
2,631.1 

87.77 

265.1 
268.4 

95.04 

115.0 
153.4 

75.56 

1,507.8 
1,960.9 

76.89 

224.4 
291.6 

76.95 

15,205.5 
19,588.9 

77.62 

79.19 

Steer  B. 

PsriodI: 

Total     di- 
gested.... 
Computed 
digestible 
in  nay.... 

2,308.1 
1,340.4 

74.4 
59.1 

2,293.7 
1,290.9 

236.1 
65.5 

59.1 
13.6 

503.5 
475.0 

1,376.4 
701.7 

118.4 
32.0 

54.0 
13.6 

1,084.2 
000.2 

173.8 
91.6 

10,589.9 
5,740.8 

Digested 
fro  m 
min... 
Total      in 

Percentage 
digesti- 
bfllty.... 

1,018.7 
1,194.7 

85.27 

16.3 
49.9 

8a  00 

1,002.8 
1,144.8 

87.60 

170.6 
210.2 

81.16 

45.5 
45.5 

100.00 

2&6 
7S.2 

88.03 

674.7 
736.0 

91.67 

86.4 
79.8 

106.27 

167.5 
30.7 

40.5 
47.0 

86.17 

78.8 
13.7 

484.0 
550.0 

86.58 

1,375.5 
607.0 

82.2 
82.9 

99.16 

199.9 
84.1 

4,849.1 
6,618.1 

86.40 

86 

.91 

Period  n: 

Total     di- 
gested.... 

Computed 
digestible 
in  nay 

2,908.4 
1,300.9 

83.5 
56.9 

2,884.9 
1,306.0 

318.1 
63.9 

87.1 
18.4 

386.9 
408.9 

1,926.2 
730.9 

13,00.0 
6,790.7 

Digested 
from 
orain... 
Tot^      in 

grain 

Percentage 
digesti- 
bllfty.... 

1,007.5 
2,129.0 

75.50 

26.0 
88.8 

29.95 

1,579.3 
2,040.2 

77.41 

254.2 
358.3 

70.05 

68.7 
68.7 

100.00 

-76.0 
133.0 

-56.88 

1,194.3 
1,342.6 

88.96 

136.8 
137.0 

99.86 

62.1 
78.3 

79.31 

768.5 
1,000.4 

76.82 

115.8 
148.8 

77.82 

7,730.3 
9,994.0 

77.34 

75.76         1 
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UBINABY  EXOBETION. 

The  urine  was  collected,  sampled,  and  analyzed  in  precisely  the 
same  way  as  in  the  experiment  of  the  previous  year,  but  in  addition 
triplicate  determinations  of  nitrogen  were  made  daily  in  a  sample 
of  the  fresh  urine.  The  results  of  these  daily  determinations  and  the 
daily  excretion  of  nitrogen  are  recorded  iq  Table  VII  of  the  appendix. 
The  result  of  the  nitrogen  determination  made  upon  the  composite 
sample  for  the  whole  period  is  likewise  recorded  in  the  same  table 
and  shows  a  satisfactory  agreement  with  that  computed  from  the 
daily  analyses.  Table  122  contains  the  results  on  the  urine,  which 
are  also  summarized  in  Table  123. 

Table  122. — Results  on  urine  (inclusive  o/toash  water),  1906. 


Period  L 

Steer  A: 

Collected 

Spilled,  Jan.  21.. 
Spilled,  Jan.  27.. 


Total 

Average  (lOdays) 
Steer  B: 

Collected 

Average  (9  days) 

Period  11, 

Steer  A: 

Collected 

Average  (8  days) 
Steer  B: 

Collected 

Average  (0  days) 


Period  III. 

Steer  A: 

CoUeoted..... 

Average(10day8) 
Steer  B: 

Collected 

Average  (0  days) 


Period  IV, 

Steer  A: 

Collected 

Avenige<10day8) 
Steer  B: 

Collected 

Spilled,  Apr.  12. 


Total 

Average(lOdays) 


Weight. 


Cfranu. 

£2,615.0 
813.1 
173.6 


27,083.0 


60,816.0 


81,036.0 


40,806.  OIL  0315 
[36,686.011.08801 


44,84a0LO866 


32,385.011.0433 
157.0 


Av- 
erage 
spe- 
dfio 
grav- 
ity. 


1.0410 


1.0631 


1.0408 


1.0618 


Total 
soUds. 


P.et. 

8.310 

.032 

0.137 


11.600 


0.270 


11.670 


6.531 


8.615 


7.838 


10.4123 
8.252 


Ome. 
4,372.3 
.3 
15.9 


4,388.5 
438.0 


861.0 


588.8 


40S.7 


324.8 


246.0 


351.5 

),  871.0 
13.0 


3,384.9 
338.5 


Total 
nitrogen. 


P.et. 

1.307 

.-005 

1.437 


1.828 


12.11311,073.89 
134.17 


3.106 


.660 


.962 


.687 


.930 
,737 


Ome. 

687.48 

.04 

2.49 


Total 
carbon. 


690.01 
60.00 

406.26 
65.02 


681.26 
75.70 


333.43 
33.34 

347.05 
27.45 


806.02 
30.80 

301.12 
1.16 


302.28 
30.23 


P.et. 

1.003 

».007 

^2.003 


3.004 


2.529 


3.261 


1.368 


1.989 


1.807 


2.416 
U.915 


Energy. 


Total 


hydrogen. ,  p^^ 


gram. 


Cframi.  P.et 
1,001.260.335 
.06,1.001 
3.63>.339 


1,004.95 
100.50 

813.87 
90.43 


1,286.11 
160.64 

1,008.96 
112.11 


676.35 
67.64 

610.8V 
66.76 


850.61 
86.06 

782.42 

3.01 


785.43 
78.54 


.445 


.448 


.553 


.194 


.307 


.268 


.431 
1.281 


0ms.  CaU 

176.26   192.7 

.01       1.7 

.591211.81 


176.86 
17.69 

120.56 
13.40 


227.65 
28.461 

171.62" 
19.07 


96.62 
9.66 

78.85 
8.76 


250.4 


319.9 


120.17 
12.03 

139.58 
.44 


140.02 
14.00 


116.1 


187.6 


163.4 


217.2 
1172.1 


Total. 


Colt. 
10,139.4 
.6 
36.7 


10,1T6.7 
1,017.7 

7,932.5 
881.4 


13,180.1 
1,647.6 

9,239.1 
1,108.3 


5,781.0 
578.1 

4,819.8 
636.6 


7,837.0 

733.7 

7,032.5 
27.0 


7,060.6 
706.0 


1  Assumed  to  be  jiroportional  to  nitrogen  content. 
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Tablb  123. — Avera^  daUy  excretion  in  urine,  1906. 


Periods. 

Nitrogen. 

Carbon. 

Energy. 

Energy 
of  carbon. 

L 

8U€rA. 

Onwu. 

60.00 

134.17 

33.34 

30.80 

55.02 
75.70 
27.45 
30.23 

Orrnne. 

100.50 

160.64 

67.64 

85.06 

W.43 

112.11 

56.76 

78.54 

Caiariee. 

1,017.7 

1,647.5 

578.1 

732.7 

881.4 

1,103.2 

535.5 

706.0 

Caioriea. 
10.13 

n 

laas 

TTT ,     , 

8.55 

IV 

8.61 

I 

Steer  B. 

0.75 

n 

9.84 

m 

9.43 

IV 

8.90 

PBODUCTION   OF   EPIDERMAL  TISSUE. 

As  in  the  previous  year's  experiments,  the  steer  was  thoroughly 
brushed  before  entering  and  after  leaving  the  calorimeter  and  the 
material  thus  obtained  weighed  and  analyzed.  The  residts  of  these 
determinations  are  contained  in  Table  124. 

Table  124. — Weight  and  composilion  o/bnuhings/or  the  two  days  in  the  ealorxmeUr,  1906, 


Components  and  energy. 


Steer  A. 


Period 
I. 


Weight grams 

Dry  matter per  cent 

Weight  of  dry  matter grams 

In  drv  matter: 
Mltrogen— 

Peroentage 

Weight 

Carbon- 
Percentage 

Weight 

Hydrogen- 
Percentage 

Weight grams 

Energy— 

Per  gram calories 

Total do.. 


37.8 

95.67 

36.16 


4.70 
1.70 

36.72 
13.28 

5.14 
1.86 

4.244 
153.46 


Period 
U. 


60.0 

94.87 

56.02 


4.80 
2.73 

40.48 
23.04 

5.40 
3.12 

4.447 
253.12 


Period 
lU. 


24.5 

05.70 

23.45 


4.08 
1.17 

41.56 
0.75 

5.63 
1.32 

4.534 
106.32 


Period 
IV. 


26.8 

05.75 

24.70 


5.85 
1.44 

40.76 
10.07 

6.79 
1.43 

4.564 
112.73 


Steer B. 


Period 
I. 


43.0 

97.61 

41.97 


4.46 
1.87 

37.89 
15.90 

5.06 
2.12 

4.223 

177.24 


Period 
U. 


47.0 

95.30 

44.79 


4.59 
2.06 

40.96 
1&36 

5.52 
2.47 

4.415 
197.75 


Period 

m. 


26.2 

95.97 

25.14 


7.07 
1.78 

41.74 
10.40 

5.94 
1.40 

4.603 
116.72 


Period 
IV. 


29.1 

94.29 

27.44 


5.39 
1.48 

37.90 
ia40 

5.20 
1.43 

4.108 
115.06 


The  steers  were  clipped  just  before  the  beginning  of  the  experiment, 
viZ;  steer  A  on  January  5  and  steer  B  January  11,  and  were  again 
clipped  shortly  after  the  close  of  the  experiment,  steer  A  on  April  19 
and  steer  B  on  April  20.  The  weights  and  composition  of  the  hair 
obtained  at  this  second  clipping  were  as  follows: 
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Table  125. — Weight  and  compontion  of  hair,  1906. 


Components  and  energy. 


Namberofdays 

Weight grams 

Dry  matter percent. 

Weight  of  dry  matter grams, 

Dry  matter  per  day do.., 

In  diy  matter: 
Nitrogen- 
Percentage , 

Weight grams 

Dally  average do.., 

Carbon- 
Percentage , 

Weight grams, 

Dally  average do... 

Hydrogen- 
Percentage... 

Weight grams 

Dally  average do.. 

Enerey — 

Per  gram calories 

Total do.- 

Dally  average do . . 


Steer  A. 


Steer  B. 


104 

654.00 

89.40 

495.28 

4.76 

99 
280.00 

87.11 

261.75 

2.64 

15.45 

76.62 

.74 

15.64 

39.37 

.40 

49.45 

244.92 

2.36 

49.26 

124.01 

1.26 

7.78 

38.54 

.37 

7.91 

19.91 

.20 

5,380.00 

2,664.61 

25.62 

5,301.00 
1,357.18 

i3.n 

If  we  may  assume  that  the  brushmgs  represent  fairly  well  the  aver- 
age daUy  loss  of  hair  and  epidermis,  the  sum  of  the  brushings  and 
hair  would  represent  the  daily  growth  of  epidermal  tissue,  exclusive, 
of  course,  of  that  of  hoofs  and  horns.  The  results  as  computed  are 
shown  in  Table  126.  They  may,  perhaps,  be  regarded  as  being  some- 
what too  high,  since  the  brushings  may  exceed  the  average  daily 
loss,  but  they  may  fairly  be  taken  to  represent  with  a  sufficient  degree 
of  approximation  the  daily  demand  of  material  for  this  growth. 

Table  126. — Average  daily  froduciion  of  epidermal  tiasiu,  1906. 


Components  and  enngy. 


Dry  matter grams. 

Nitrogen do... 

OarbcHi do... 

Hydrogen do... 

Energy calories. 


Steer  A. 


steer  B. 


22L42 

19.96 

1.62 

1.30 

9.38 

a  14 

1.34 

1.14 

103.83 

89.48 

DETERMINATION  OP  EESPIRATOEY  PBODU0T8. 

The  methods  employed  were  the  same  as  those  of  the  previous  year 
and  the  results  are  tabulated  below  in  the  same  form.  The  average 
ratio  of  hydrogen  to  carbon  in  the  hydrocarbon  gases  excreted  was 
as  follows: 


Table  127. — Ratio  of  hydrogen  to  carbon  in  combustible  gases,  1906. 


Periods. 

steer  A. 

steer  B. 

I 

1: 

3.171 

3.171 

3.365 

13.212 

1: 
3.221 

n 

3.345 

m 

3.510 

IV 

3.191 

1  Second  day  only. 
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Table  128. — Carbon  and  hydrogen  in  gaaeou»  aoatta^  2906. 


In  COi  and  H|0. 

In  hydnoaitMios. 

CH4 

computed 

CromC. 

H:C 
in  hydio- 
carboiis. 

Carbon. 

Hydrogen. 

Carbon. 

Hydrogen. 

Period  I. 

Steer  A,  Jan.  24  and  25: 

Sabperiod  1 

Oramt. 
626.51 
529.96 

Grame. 
212.87 
105.20 

Oranw. 
86.64 
37.50 

Qnmt. 

iao6 

12.06 

Grami. 
47.61 
5a22 

1: 
S.252 

Subperlod  2 

3.117 

First  day 

1,066.46 

40aO7 

73.28 

23.02 

97.83 

3.181 

Subperlod  3 

514.35 
619.50 

10&04 
184.68 

88.21 
41.03 

12.02 
13.06 

61.04 
64.82 

3.179 

Subperlod  4 

3.144 

Second  day 

1,033.94 

383.52 

70.24 

25.07 

106.86 

S.161 

Average 

1,044.70 

395.80 

76.24 

24.05 

101.85 

z.m 

Steer  B,  Jan.  31  and  Feb.  1: 
Subperlod  1 

488.21 
401.02 

222.56 
217.24 

3a  60 
20.02 

0.62 
0.34 

41.00 
80.07 

3.190 

Subperlod  2 

3.203 

Fint  day 

979.23 

430.80 

6a  61 

18.06 

8a07 

3.197 

Subperlod  3 

467.92 
4v4. 84 

205.46 
206.36 

26.60 
23.56 

8.15 
7.28 

36.54 
31.48 

3.264 

Subperlod  4 

3.236 

Second  day 

962.76 

413.82 

50.16 

15.43 

67.02 

3.251 

Avenge 

971.00 

426.81 

63.30 

17.20 

74.00 

3.221 

Period  n. 

Steer  A,  Feb.  21  and  22: 

Subperlod  1 1 

735.05 
760.89 

332.42 
306.06 

30.10 
35.86 

12.46 
11.28 

62.24 
47.01 

3.138 

Subperlod  2 

3.170 

First  day 

1,495.94 

64a  48 

74.06 

23.74 

ioai6 

3.158 

Subperlod  3 

764.31 
766.51 

342.13 
318.04 

30.40 
34.28 

0.46 
ia83 

40.61 
45.80 

3.214 

Subperlod  4 

3.166 

Second  day.. 

1,509.82 

660.17 

64.68 

20.20 

86.41 

3.188 

Average 

1,502.88 

650.33 

60.82 

22.02 

.93.28 

3.171 

Steer  B,  Feb.  28  and  Mar.  1: 
Subueriod  1 

540.42 
537.22 

224.80 
216.01 

23.78 
34.07 

7.06 

ia7o 

81.77 
46.62 

3.373 

Subperlod  2 

3.158 

First  day 

1,077.64 

440.71 

57.85 

17.84 

77.20 

3.213 

Subperlod  3 

640.35 
643.87 

200.12 
221.08 

24.15 
22.08 

6.49 
7.06 

32.26 
80.70 

3.721 

Subperlod  4 

3.260 

Second  day 

1,084.22 

431.10 

47.13 

13.64 

62.06 

3.481 

Average 

1,080.93 

435.91 

62.40 

16.69 

7a  13 

3.345 

Period  III. 

Steer  A,  Mar.  14  and  15: 

Subperiod  1 

384.19 
385.25 

143.33 
131.90 

16.72 
16.56 

4.83 
4.87 

22.34 
22.12 

3.462 

Subperlod  2 

S.40C 

First  day 

709.44 

275.23 

83.28 

9.70 

44.46 

8.431 

Subperlod  3 

379.44 
379. 74 

138.11 
134.81 

22.30 
21.02 

6.80 
6.30 

29.79 
28.06 

3.270 

Subperlod  4 

3.336 

Second  day 

759.18 

272.92 

43.32 

13.10 

67.87 

8.307 

Average 

764.31 

274.06 

3&30 

11.40 

61.17 

8.866 

1  Unoertaln.   Power  off  at  intervals. 
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Tablb  128. — Carbon  and  hydrogen  in  gaseous  excreta,  1906— Contmued. 
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In  COt  and  HiO. 

In  hydrocarbons. 

CH4 

computed 

from  C. 

H:C 
inhydro- 
carbons. 

Carbon. 

Hydrogen. 

Carbon. 

Hydrogen. 

Period  //J-Cmitfnoed. 

Steer  B,  ICar.  21  aod  22: 

SubDeriod  1 

Oramt. 
355.06 
352.35 

Gnnu. 
143.24 
129.85 

Oramt. 
14.77 
16.70 

Orami. 

4.17 
5.04 

Cframo. 
19.73 
22.31 

1: 
3.542 

BubDeriod  2 

3.313 

Flratday 

707.41 

273.09 

31.47 

9.21 

42.04 

3.417 

Subperlod  3 

357.40 
349.08 

135.63 
126.25 

13.27 
14.44 

3.50 
4.06 

17.73 
19.29 

3.696 

Subperiod  4 

3.557 

Second  day 

706.48 

261.88 

27.71 

7.66 

37.02 

3.623 

Average 

706.95 

267.49 

29.50 

&43 

39.53 

3.510 

Period  IV. 

Steer  A,  Apr.  4  and  5: 

Subpenod  1 

450.86 
452.41 

166.75 
165.05 

22.30 

4.61 
6.84 

Subperiod  2 

29.79 

3.360 

First  day 

903.27 

331.80 

37.51 

11.35 

SubDeriod  3 

464.51 
460.88 

193.30 
172.66 

23.09 
32.48 

7.05 
10.26 

30.85 
43.39 

3.275 

Subperiod  4 

3.169 

Secod  day 

925.39 

865.96 

55.57 

17.30 

74.24 

8.212 

Average 

914.33 

348.88 

51.91 

14.33 

60.35 

Steer  B,  Apr.  11  and  12: 

Subperiod  1 

40ai3 
404.95 

153.17 
130.83 

26.97 
30.06 

7.94 
9.48 

34.70 
40.14 

3.271 

Subperiod  2 

3.170 

First  day 

813.08 

284.00 

66.02 

17.42 

74.84 

3.216 

Subperiod  3 

412.00 
409.97 

160.48 
155.39 

30.82 
30.51 

9.71 
9.04 

41.18 
40.76 

3.174 

Subperiod  4 

3.166 

Second  day 

822.87 

305.87 

61.33 

19.35 

81.94 

3.170 

Average 

817.98 

294.94 

58.68 

1&39 

78.39 

3.191 

COMPUTED  METHANE  PRODUCTION. 


In  the  experiments  of  1906  the  supply  of  gas  to  the  furnaces  in 
which  the  combustible  gases  produced  by  the  animal  were  oxidized 
was  inadequate,  and  it  is  questionable  whether  the  oxidation  was 
complete.  The  researches  of  Kellner  have  shown  that  the  amount  of 
methane  produced  bears  a  fairly  constant  ratio  to  the  total  amoimt 
of  carbohydrates  digested.  The  following  table  shows  the  amount  of 
carbon  foimd  in  the  combustible  gases  in  the  experiments  of  each  of 
the  three  years,  expressed  both  in  grams  and  as  a  percentage  of  the 
amoimt  of  carbohydrates  digested.  The  results  for  1906  seem  to 
show  very  clearly  that  the  methane  was  irregularly  and  incompletely 
oxidized,  the  ratio  of  methane  carbon  to  carbohydrate  being  much 
lower  than  in  the  other  series  or  in  Kellner's  experiments. 
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Table  129. — Methane  carbon. 


Experiments  of  190S: 

Pertodl 

Period  II 

Period  III 

Period  IV 

Ezperiments  of  1906: 

PeriodI 

Periodn 

Period  ni 

Period  IV 

Experiments  of  1907: 

PeriodI 

Period  II 

Period  III 

Period  rv 


Steer  A. 


Digested 

carbohy- 

distes. 


Cframt. 
1,509.2 
2,222.6 
1,007.5 

i,e9a9 

3,2915 
3,524.0 
1,377.7 
2,047.4 

2,772.8 
4,301.5 
1,6^6.4 
2,093.3 


Carbon  In 
combusti- 
ble 


Qravu. 
62.03 
79.27 
84.70 
50:30 

7ft.  34 
00.82 
3&30 
61.91 

103.69 

150.66 

61.45 

97.94 


Peroent. 


3.88 
3.57 
8.44 
3.51 

8.88 
1.96 
3.00 
2.54 

8.74 
3.50 
3.67 
3.64 


Bteer  B. 


Dtcested 

cerbohy> 

dntfls. 


Qranu. 

1,350.9 

1,795l9 

911.5 

1,351.9 

1,679.9 
2,31Z1 
1,239.3 
1,823.3 

2,200.9 
3,132.7 
1,562.3 
3,521.8 


Carbon  in 
oosnbustl- 
ble 


Orumt. 
49.31 
66.15 
34.06 
44.43 

66.39 
52.49 
20.50 
3&68 

90.34 

117.67 

69.27 

92.08 


S.63 

3.68 
3.74 
8.29 

3.96 
2.27 
2.39 
3.33 

3.98 
3.76 
3.79 
3.65 


The  average  percentage  for  the  experiments  of  1905  and  1907  is 
3.65.  In  view  of  what  seem  to  be  the  obviously  erroneous  results 
in  1906,  we  have  felt  justified  in  using  this  factor  to  compute  the 
methane  from  the  digestible  carbohydrates.  The  results  of  this 
computation  are  contained  in  the  following  table  and  are  used  on 
succeeding  pages  in  computing  the  carbon  and  energy  balances: 

Table  130. — Computed  methane  production^  1906. 


Periods. 


Steer  A 

I 

11 

Ill 

IV 

Steer  B 
1 

n 

m 

IV 


Computed 
carbon  in 

Eqolira- 
fent 

Equlvft- 
lent 

methane. 

methane. 

hydrogen. 

Cframt, 

Oramt. 

Qramt. 

83.68 

111.80 

28.13 

138.63 

171.85 

43.33 

46.63 

63.30 

15.67 

74.73 

99.84 

25.11 

68.63 

91.68 

33.06 

84.39 

113.75 

38.36 

45.33 

60.43 

15.30 

66.55 

88.91 

22.36 

Eqaiya. 
lent. 


Calories. 

1,491.81 

3,303.16 

831.30 

1,333.36 


1,333.83 

1,504.47 

806.34 

1,186.43 


THE   BALANCE  OF  MATTER. 


From  the  data  on  previous  pages,  the  balances  following,  including 
the  water  balance  for  the  two  days  in  the  calorimeter,  have  been 
computed  in  the  same  manner  as  for  the  previous  year's  experiments. 
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Table  131. — The  balance  of  matter  per  day  and  head,  1906. 
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Dry 
matter. 

Water. 

Nitrogen. 

Carbon. 

Organic 
hydrogen. 

Income. 

Outgo. 

Income. 

Outgo. 

Income. 

Outgo. 

Income. 

Outgo. 

Period!. 

Bteer  A: 

Tlmothvhay 

Wheat  Dran 

Omms. 

2,607.9 
260.8 
734.9 
797.3 

Gramtt. 
175 

318 

10,180 

Oravu. 

Oramt. 

34.5 

8.1 

13.0 

49.5 

Onmt. 

OTanu. 

1,213.2 
117.0 
337.3 
384.1 

Oramt. 

Orams. 

183.1 

18.0 

51.7 

54.5 

Oranu. 

Com  meal 

Ltnaeed  meal 

Water 

Feces 

1,465.1 

438.9 

22.4 

111.8 

3,830.9 

6,198 
3,848 

31.3 

69.0 

L6 

609.9 

100.5 

9.4 

83.7 

1,0447 

93.5 

tJiine 

17.7 

Broshlngs  and  hair. . 
Methane  (computed) 
Carbon  dioxld 

L3 

28.1 

Water  vanor 

3,563 

Organic     hydrogen 
oxidised 

1,342 

1«.9 

Gain    or    loss    by 
body- 
Protein 

19.2 
135.0 

8.2 

10.1 
103.3 

1.4 

Fat 

16.2 

Water 

1,604 

13,609 

13,609 

105.1 

105.1 

2,051.6 

2,051.6 

307.3 

307.3 

Steer  B: 

Timothvhay 

Wheat  bran 

2,433.1 
173.2 
490.0 
631.6 

173 

200 

10,003 

32.2 

6.4 

8.6 

33.0 

1,131.9 

78.0 

224.9 

256.1 

170.8 
12.0 
34.5 
36.4 

Com  meal 

Linseed  meal 

Water 

.•••.•a. 

Feces 

1,250.7 

351.9 

20.0 

91.7 

3,660.7 

4,381 
2,064 

26.2 

55.0 

L3 

606.7 

90.4 

8.1 

68.6 

071.0 

79.0 

Urine 

13.4 

Brushlnffs  and  hair. . 

1.1 

Methane  (computed) 
Carbon  dloxid 

23.1 

Water  vaDor    

3,841 

Organic     hydrogen 
oxidized. 

1,302 

144.6 

Oahi    or    loss    by 
body- 
Protetn 

13.8 
60.9 

2.3 

7.8 
46.6 

1.0 
7.8 

Fat 

Water 

1,392 

' 

11,678 

11,678 

81.5 

81.5 

1,744.8 

1,7448 

262.0  1      262.0 

Period  II . 

Bteer  A: 

Timothy  hay 

Wheat  oran 

2,630.9 

696.4 

1,733.3 

1,843.0 

260 
710 
15,628^ 

349 
f    17.8 

27.2 
I  106.4 

1,227.3 
271.6 
801.7 
887.6 

168.1 

41.2 

123.6 

126.8 

Com  meal 

Linseed  meal 

Water 

Feces 

2,174.3 

688.8 

22.4 

171.9 

6,511.1 

11,194 
6,661 

58.2 

134.2 

L6 

1,045.8 

160.6 

9.4 

128.6 

1,502.9 

145.0 

Urine 

28.6 

Brushings  and  hair. . 

1.3 

Methane  (computed) 
Carbon  dioxid. 

43.2 

Water  vapor 

6,863 

Organic     hydrogen 
oxidized 

1,600 

. 

187.8 

Gain    or    loss    by 
body- 
Protein 

34.2 
469.2 

5.7 

18.0 

"368.'9" 

2.4 

Fat 

56.8 

Water 

4,630 

22,708 

22,706 

194.0 

194.0 

3,206.2 

3,206.2 

462.1 

462.1 

Steer  B: 

Tnnothyhay 

Wheat  oran 

2,453.9 
8042 

oo4.  o 

940.0 

233 

876 

9,420 

82.5 
f     9.1 

ia9 

I    56.3 

1,144  7 
138.5 
400.2 
452.7 

156u8 
21.0 
63.1 
647 

Com  meal 

Lhiseedmeal 

Water 

Feces. 

1,6146 
402.7 

7,252 
3,193 

85.0 
76.7 

760.6 
112.1 

106.7 

Urine 

19L1 
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I>ry 
matter. 

Water. 

Nitngen. 

Carbon. 

Organic 
hydrogen. 

Tnoome. 

Outgo. 

Ttioonie- 

Outgo. 

Income. 

Outgo. 

Income. 

Outgo. 

Period  //-OmtlntMd. 

Steer  B— Conttaraed. 
Bnuhings  and  hair. . 
Methaiie(oompated). 
Carbon  dlozid .      ... 

Orama. 

2ao 

112.8 
8,963.8 

Grami, 

Gnim«. 

Granw. 

Ontnt: 
L3 

Oranu. 

Oranu. 

8.1 

84.4 

1,08a  9 

Oranu. 

Onme. 
Li 

28.4 

3,923 

Orgu^     hydrogen 
oxidized...... T. 

1,234 

187.1 

Gain    or    loss    by 
body- 

prntttin.  . 

7.2 

•••■•«• 

L2 

3.8 

'  "ois' 

a5 

Fat. 

122.6 

14.7 

Water 

3,106 

14,366 

14.368 

112.0 

112.0 

2,148.9 

2,148.9 

806.1 

306l  1 

Period  II L 

BtewA: 

Timothy  hay 

Water 

2,647.2 

206 
7,115 

33.0 

1,252.7 

172.0 

Feces. 

1,199.1 

324  8 

22.4 

62.3 

2,802.7 

4,644 
3.214 

20.5 

33.3 

1.6 

589.2 

67.6 

9.4 

4&6 

764.3 

78.5 

Urine 

9.7 

Brushlngs  and  hair. . 
]iiethane(ooniputed) . 
Carbon  dioxid .      .  . 

L3 

15.7 

1 

Water  vanor 

2,467 

Oiganio     hydrogen 
oxidized . 

910 

lOLl 

Gain    or    loss    by 
body- 
Protein 

134.4 
201.1 

23L4 

7a6 

153.8 

9.6 
24.1 

Fat 

Water 

2,004 

10,325     10,325 

55.4 

5.5.4 

1,477.1 

1,477.1 

206.8 

206.3 

fltenrB: 

Timothy  hay 

Water 

2, 47a  3 

165 
9,913 



30.8 

1,109.0 

161.1 

Feces 

1,076.9 
245.9 

2ao 

60.4 
2,502.4 

3,742 
2,018 

18.2 

27.5 

1.3 

533.0 

56.8 

8.1 

45.2 

707.0 

71.1 

Urine 

8.8 

Bnishlncs  and  hair. . 

1.1 

Methane  (computed). 
Carbon  dioxid 

15.2 

Water  vapor 

2,406 

Organic     hydrogen 
o^idffed 

830 

(Hdn    or    loss    by 
body- 
Protein 

97.2 
169.9 

16.2 

51.1 
130.0 

6.0 

aa4 

Fat 

Water 

2,740 

92.2 

10.908 

10.908 

47.0 

47.0 

1.350.1 

1.350.1 

188.4 

188.4 

Period  IV, 

Steer  A: 

Timothy  hay 

Water 

4,424.5 

325 
10,078 

59.9 

2,067.1 

281.0 

Feces. 

2,075. 1 

351.5 

22.4 

99.8 

8,352.7 

9.615 
3.587 

34.7 

30.8 

L6 

1,013.9 

85.1 

9.4 

74.7 

914.3 



181.4 

Urine 

12.0 

Brushings  and  hair. . 

1.8 

Methane  (computed) . 
Carbon  dioxid 

25.1 

Water  vapor 

8,140 

Organic     hydrogen 
oxidized 

1,040 

115.5 

Gain    or    loss    by 
body- 
Protein.  

43.2 
9.9 

7.2 

22.7 
7.6 

3.1 
L2 

Fat 

Water 

4,899 

16,342 

16,342 

67.1 

67.1 

2,007.4 

2,097.4 

285.3 

285.3 

OBSEBVEO  AND  COMPUTED  GAINS  OF  WEIGHT,  1906. 
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Table  131.- 

-The  balance  of  matter 

per  day  and  head,  1906-<jOixiinned, 

* 

Dry 
matter. 

Water. 

Nitrogen. 

Carbon. 

Organlo 
hydrogen. 

Ttyw^mA^ 

Ontgo. 

Inoome. 

Outgo. 

Income. 

Ontgo. 

TivwwnA. 

Outgo. 

Period  /F-€ontlnaed. 

Steer  B: 

Timothy  hay 

Water 

Onnu, 
3,806.1 

Ontnt, 

275 

11,090 

Oramt. 

Qrvau, 
51.5 

&raiiM. 

Oram«. 
l,7n.7 

Oramt. 

Oramt, 
24L6 

Oramt. 

Feces. ............... 

1,717.9 
838.5 

20.0 

88.9 

2,999.6 

6,961 
2,547 

20.5 

3a2 

L8 

851.2 

7&5 

8.1 

66.6 

818.0 

115.6 

Urine 

14.0 

PniflhfnfM  ttnrl  hft^r , 

LI 

ICethanefoompated). 
Carbon  dJoxia 

22.4 

Water  vapor 

2,655 

Oiganio     hydrogen 
oiridlzed 

854 

94.9 

Oahi    or    loss    by 
body- 

ProteJn 

57.0 
19.3 

9.5 

29.9 
14.8 

41 
2.3 

Fat 

Water 

56 



12,219 

12,219 

61.0 

61.0 

1,822.4 

1,822.4 

248.0 

248.0 

1 

OOMPXTTED  GAINS   OB  LOSSES  OF  LIVE   WEIGHT  IN  THE  CALOBIMETEB. 

Table  132  summarizes  the  single  factors  which  make  up  the  esti- 
mated gain  or  loss  of  live  weight  by  the  animal  while  in  the  calorim- 
eter as  computed  from  the  data  of  Table  131  in  the  same  manner 
as  in  the  experiments  of  1905  (p.  109.) 

Table  132. — Computed  daily  gains  or  losses  of  live  weight  in  the  calorimeter,  1906. 


Steer  A. 


Protein, 
Fat.... 


Water 

Ooneotlon  ior  irregularity  of  excretion . 
BflJanoe 


Total 


Steer  B. 


Protein. ••• 
Pat 


Water 

Oorrectlon  for  irregularity  of  excretion . 
Balance 


Total 


Period  L 


Loss. 


Oramt. 


1,504 


14 
61 


1,343 


1,418 


Gkdn. 


Oramt. 

19 

135 


1,440 


1,504 


1,302 
26 


1,418 


Period  n. 


Loes. 


Oramt. 
84 


4,530 
20 


8,105 
30 


8,142 


Gain. 


Oramt. 


469 


4,124 


4,598 


123 


8,019 


8,142 


Period  in. 


Loss. 


Oramt. 

184 

201 

2,094 

8 


2,432 


97 
170 


2,483 


2,750 


Gain. 


Oramt. 


2,432 


2,432 


2,740 
10 


2,750 


Period  rv. 


Loss. 


Oramt. 

48 

10 

4,809 

46 


5,008 


67 
19 


77 


Gain. 


Oramt, 


5,098 


5,008 


50 


77 


COMPABISON    of   OBSEBYED   and   OOMPXTTED   GAIN   OB  LOSS    OF   LIVE 

WEIGHT. 

The  respiration  calorimeter  is  not  provided  with  means  for  taking 
the  weight  of  the  animal  while  in  the  respiration  chamber.  Its 
weight  was  taken,  however,  immediately  before  entering  and  imme- 
diately after  leaving  the  apparatus,  the  time  of  weighing  being  noted, 
while  the  weights  of  the  visible  excreta  for  the  four  or  five  hours 

82946^— BuU.  128—11 10 
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preliminary  to  the  actual  experiment  were  recorded  in  the  last  three 
periods. 

While  it  is  not  possible  to  compute  a  complete  balance  for  these 
preliminary  hours,  if  we  may  assume  that  the  excretion  of  carbon 
dioxid  and  water  went  on  at  the  same  rate  as  in  the  experiment  proper, 
we  have  sufficient  data  for  an  approximate  computation  of  the  loss 
in  weight  during  the  preliminary  hours.  This  can  then  be  combined 
with  the  computed  loss  of  weight  in  the  48  hours  of  the  experiment 
proper  and  the  result  compared  with  that  of  the  actual  weighing.  It 
scarcely  need  be  said  that  such  a  comparison  can  be  nothing  more 
than  a  general  check  upon  the  accuracy  of  the  work.  An  exact  agree- 
ment could  not  be  looked  for,  but  any  gross  error  in  the  experiments 
would  probably  be  revealed.  The  method  for  computing  the  cor- 
rection may  be  conveniently  illustrated  by  the  results  for  steer  A  in 
Period  II.  The  animal  entered  the  calorimeter  at  1.38  p.  m.,  the 
preliminary  period  thus  amounting  to  262  minutes.  During  this 
time  neither  food  nor  dhnk  was  consumed  and  a  loss  of  weight  must 
have  taken  place,  due  to  the  continued  excretion.  The  amounts  of 
the  visible  excreta  which  were  recorded  need  simply  to  be  deducted 
from  the  live  weight.  This  is  not  true  of  the  carbon  dioxid  and 
water  excreted,  since  at  least  a  considerable  part  of  their  oxygen  is 
derived  from  the  air  and  we  have  no  experimental  data  as  to  the 
amount  of  the  latter  taken  up.  For  the  purpose  of  this  approximate 
computation,  however,  it  seems  permissible  to  neglect  the  katabolism 
of  the  protein  and  to  consider  only  the  nonnitrogenous  material 
oxidized.  If  this  consisted  only  of  carbohydrates — that  is,  if  the 
respiratory  quotient  was  equal  to  one — the  corresponding  loss  of 
weight  by  the  animal  would  evidently  be  equal  to  the  water  given  oflF 
plus  the  carbon  of  the  carbon  dioxid  excreted.  If  some  of  the  mate- 
rial oxidized  consisted  of  fat,  however,  the  loss  of  weight  would  be 
less  than  that  indicated  above,  since  some  of  the  oxygen  of  the  water 
eliminated  as  well  as  all  that  contained  in  the  carbon  dioxid  would 
have  been  derived  from  the  air.  On  the  other  hand,  if  a  formation  of 
fat  from  carbohydrates  took  place,  the  contrary  would  be  true,  some 
of  the  oxygen  of  the  carbon  dioxid  being  derived  from  the  carbohy- 
drates consumed  and  not  from  the  air.  On  the  basis  of  the  average 
composition  of  animal  fat,  viz, 

C=76.5 
H=12.0 
0=11.6 

the  following  correction  may  be  computed: 

Oindaiion  of  100  gramM  offaJt, 

Orams. 

O  required  for  oxidation  of  H 96. 0 

O  contained  in  fat 11. 5 

O  derived  from  atmosphere 84.5 


HEAT  EMISSION  AND  PEODUCTION,  1906.  147 

Formation  of  100  grams  of  fat. 

Grams. 

Ce  Hi,Oe  required  to  furnish  C 191. 26 

O  in  191.25  grams  CflHuOe 102. 0 

Oin  100  grams  fat 11.5 

O  of  carbohydrate  excreted  in  CO, 90.  5 

On  the  above  basis,  we  may  compute  the  change  in  weight  by  steer 
A  in  Period  II  as  follows : 

In  preliminary  period  {262  TDinutea):  Qnma, 

Feces 130 

Urine 1,470 

Methane  93.3 XiWr 17 

C  of  COj  1,502.9XA% 273 

Water  vapor  5,853  XiVft 1,065 

Oxygen  equivalent  to  fat  gained  4.e92X90.5XiWy 77 

In  oalarimeter  period: 

Net  loss,  Table  132,  computed  to  48  hours 8,248 

Computed  loss  of  weight 11, 270 

Actual  loss  of  weight 11,800 

A  similar  computation  for  the  several  periods,  with  the  exception 
of  the  first,  for  which  the  weights  of  feces  and  urine  excreted  during 
the  preliminary  period  were  not  recorded,  gives  the  following 
comparison: 

Table  133. — Compuied  and  observed  gains  in  live  weighty  1906, 


Computed. 

Observed. 

BteerA 

Period  II. 

KOoe. 
-11.3 

-  7.6 

-  6.6 
+  4.5 

-11.8 

-  2.6 

■ 

KUo$. 
-11.8 

BtenrB x..  ..                                                  

—  &3 

BteerA 

Period  III. 

-  5.3 

Steer  B 

+  4.2 

BteerA 

Period  IV, 

-11. « 

BteerB 

-  2.9 

The  generally  good  agreement  in  the  foregoing  table  indicates  at 
least  that  no  gross  errors  have  crept  into  the  work,  while  it  also  tends 
to  confirm  our  confidence  in  the  reasonable  accuracy  of  the  compu- 
tations of  the  nature  of  the  gain  or  loss  which  are  contained  in 
Table  132. 

HEAT  EMISSION  AKD  HEAT  PRODUCTION. 

The  following  tables  show  the  results  of  the  determinations  of  the 
heat  given  off  by  the  animals,  and  likewise  the  heat  production  com- 
puted by  correcting  for  the  gain  or  loss  of  matter  by  the  body  in  the 
manner  described  in  connection  with  the  experiments  of  1905  (pp. 
112-113). 
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Table  134. — Heat  emisnont.  1906. 


Steer  A. 

Steer  B. 

radlaLm. 

As  latent 

beat  of 

water 

▼apor. 

Total. 

radiaSon. 

As  latent 

heat  of 

water 

vapor. 

Total. 

Period  I. 

Flntday: 

Subperiod  1 

Caloriet. 
3.762.2 
3,716.6 

Caloriet. 
1,124.6 
1,031.2 

QUoriei. 
4,876.8 
4,746.7 

OalOTiet. 
3,516.0 
8,125.0 

Caloriet. 
1,175.8 
1,147.7 

QUoriet. 
4,691.8 

Subperlod  2 

4,272:7 

Total 

7,467.7 

2,155.8 

9,623.6 

6,641.0 

2,323.5 

8,964.5 

Second  day: 

Subperiod  8 

3,407.8 
3,603.0 

1,061.0 
075.1 

4,5«&8 
4,568.1 

8,806.8 
3,359.6 

l,0a'i.4 
1,101.3 

4,39a7 

Subperiod  4 

4,4ea9 

Total 

7,09a8 

2,020.1 

9,116.9 

6,664.9 

2,186.7 

8,851.6 

Daily  aTera^B 

7,279.2 

2,001,0 

9,37a  2 

6,653.0 

2,2S5ul 

8,906.1 

Period  II. 

First  day: 

Subperiod  1 

* 

14,810.2 
4,760.8 

1,766.2 
1,627.6 

• 

6,566.4 
6,387.8 

•3,779.8 
3,685.0 

1,187.6 
1, 14a  6 

4,906.9 

Subperiod  2 

4,825.6 

Total 

0,57a  6 

3,383.7 

12,964.2 

7,464.8 

2,328.2 

9,792.5 

Second  day: 

Subpoiod  3 

4,843.8 
4.629.0 

1,807.6 
l,68a2 

6,661.3 
6,309.2 

8,776.0 
3,740.8 

1,104.8 
1,172.8 

4,88a  8 

Subperiod  4 

4,922.6 

Total 

9,472  8 

8,487.7 

12,96a  5 

7,525.8 

2,277.6 

0,803.4 

Dally  ave»*gp 

9,521.7 

8,43&7 

12,957.4 

7,406.1 

2,302.0 

0,708.0 

Period  III. 

First  day: 

Subperiod  1 

2,944.7 
3,090.8 

767.2 
606.9 

8,701.9 
3,787.7 

2,706.2 
2,608.4 

766.8 
686.0 

8,462.0 

Subperiod  2 

3,384.4 

Total 

6,035.6 

1,454.1 

7,489.6 

5,403.6 

1,442.8 

6,846u4 

Second  day: 

Subperiod  3 .*. . 

3, 06a  8 
3,006.1 

729.6 
712.2 

8, 79a  4 
8,717.3 

2,796.1 
2,72a5 

2,  no.  5 

667.0 

8,514.6 

Subperiod  4 

8,387.5 

Total 

6,066.0 

1,441.8 

7,607.7 

6,518.6 

1,383.6 

6,002.1 

Dally  avflTwip 

6,05a7 

1,448.0 

7,49&7 

5,461.2 

1,418.1 

6.874.8 

Period  IV. 

First  day: 

Subperiod  1 

3,150.7 
3,182.8 

881.0 
872.0 

4,040.7 
4,054.8 

2,968.0 
2,809.4 

800.2 
601.2 

8,777.S 

Subperiod  2 

8,6Qa6 

Total 

6,342.6 

1,753.0 

8,005.6 

6,777.4 

l,50a4 

7,277.8 

Second  day: 

Subperiod  3 

3,391.0 
3,197.4 

1,021.8 
012.1 

4,412.3 
4,109.6 

8,036.4 
2,82&9 

795.0 

83ao 

8, 88a  4 

Subperiod  4 

8,640.8 

Total 

6,588.4 

1,933.4 

8,521.8 

6,864.8 

1,616.0 

7,4Sa3 

Dalir  aveiBse 

6,465.6 

1,843.2 

8,308.7 

5,82a8 

1,668.3 

7,870.0 

1  Computed  for  first  102  minutes  tram  average  beat  emlasion  itaading  and  lying,  page  156^ 
s  First  30  minutes  computed. 
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Tablb  135. — Average  heat  productum,  1906. 
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steer  A. 

BteerB. 

Pedo<L 

Heat 
emission. 

Correction 

for  gain 

by  body. 

Heat 

I»t)diu>- 

tion. 

Heat 
emission. 

Gorvection 

for  gain 

by  body. 

Heat 

produiv 

tion. 

I 

QUorUt. 
9, 37a  2 

12,057.4 
7,498.7 
8,308.7 

Oaloriet, 

-  31.1 

-  86.7 

-  46.3 

-ioa2 

Oalortea. 
9,339.1 

12,871.7 
7,452.4 
8,206.5 

OUoriet. 
8,906.1 
9,796.0 
6,874.3 
7,379.0 

Oaloriei. 
+28.8 
-61.9 
+54.1 
+  1.0 

CXUoriea. 
8,936.9 
9,736.1 
6,928.4 
7,380.0 

n 

m 

IV 

THE   BALANCE   OF   ENERGY. 


The  balance  of  energy  in  the  several  periods,  computed  on  the 
same  basis  as  in  the  experiments  of  1905  (pp.  113-114),  is  as  follows: 

Table  136. — The  balance  of  energy  per  day  and  head^  1906. 


Periods  and  components. 


Period  I. 


Timothy  hay 

Wheat  bran 

Corn  meal 

Linaeed  meal 

Feces 

Urine  (corrected  for  nitrogen) . 

Metliane 

Metabolisable 


Dry 
matter. 


Total 


Metabolisable 

Heat 

Broshings 

Qaln  or  loss  by  body: 

Protein  (corrected  for  nitrogen) 
Fat 

Error 


Total 


Period  II. 


Timothy  hay , 

Wheat  bran 

Com  meal , 

Linseed  meal 

Feces 

Urine  (corrected  for  nitrogen) . 

Methane 

Metabolisable 


Total 


Metabolizable 

Heat 

Bruahtngs 

Gain  or  loss  by  body: 

Protein  (ooirected  for  nitrogen) 
Fat 

Error 


Total. 


Orams. 

2,607.9 
2S0.8 
734.9 
797.3 

1,465.1 
438.9 
111.8 


22.4 

19.2 
135.0 


2, 63a  9 

506.4 

1.733.3 

1,843.0 

2,174.3 

588.8 

171.9 


22.4 

34.2 
469.2 


Steer  A. 


Energy. 


Income. 


Calories. 

11,601.5 
1.180.4 
3,323.9 
3,913.8 


20,109.6 


10,720.7 


9a3 


10,811.0 


11,796.2 
2,601.9 
7,  cJ44. 7 
9,052.3 


31,385.1 


17,290.3 


158.4 


17,442.7 


Outgo. 


Steer  B. 


Dry 
matter. 


Calories. 


6,855.6 

1,041.5 

1,401.8 

10,720.7 


20,100.6 


9,339.1 
103.8 

8&6 
1,282.5 


10,811.0 


10,196.6 
1,605.0 
2,293.2 

17,290.3 


31.385.1 


12,871.7 
108.8 


4,457.4 
9.8 

17,442.7 


Orami. 

2,433.1 
173.2 
49a  0 
531.5 

1,259.7 

351.9 

91.7 


Energy. 


Income. 


Oalortef. 

10,907.8 

786.9 

2,216.2 

2,609.0 


2ao 

13.8 
6a9 


2,458.9 
304.2 
884.8 
94a0 

1,614.5 
402.7 
112.8 


2ao 

7.2 
122.6 


16,519.9 


8,502.3 


61.6 
578.6 


9,142.5 


11,002.6 
1,373.0 
4,004.6 
4,617.0 


20,997.2 


10,922.1 


32.1 


36.0 
10, 99a  2 


Outgo. 


CaUniea, 


5,930.0 

864.3 

1,223.3 

8,502.3 


16,519.9 


8,936.9 
80.4 


116.2 


9,142.5 


7,476.8 

1,004.3 

1,504.5 

10,922.1 


20,997.2 


9,736.1 
89.4 


1,164.7 


10, 99a  2 
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Table  IZ^.—The  balance  of  energy  per  day  and  head,  iPOtf— Continued. 


Periods  and  oomponents. 


Period  III. 


Timothy  hay 

Feces 

Urine  (corrected  for  nitrogen) . 

Methane 

Hetabolizable 


Total 


Hetabolicable. 
Heat 


Bmshlngs 

Gain  or  loss  by  body: 

Protein  (corrected  for  nitrogen) 
Fat 

Enor 


Total 


Period  IV. 


Timothy  hay 

Feces 

Urine  (corrected  for  nitrogen) . 

Methane 

Metabolizable. 


Total 


Dry 

matter. 


Oram*. 

2,647.2 

1, 199. 1 

324.8 

62.3 


22.4 
134.4 

2ai 


4,424.6 

2,075.1 

351.6 

99.8 


Metabolizable. 
Heat 


Brushings 

Gain  or  Toss  by  body: 

Protein  (corrected  for  nitrogen ; 

Fat 

Error 


Total 


22.4 

43.2 
9.2 


Steer  A. 


Energy. 


Income. 


Cahriee. 
11,938.3 


11,938.3 


4,938.8 


609.2 

l,9ia5 

107.7 


7.666.2 


19,960.2 


19,960.2 


7,981.4 


192.7 
94.1 
44.1 


Outgo. 


Caioriee. 


5,757.0 
411.2 
831.3 

4,938.8 


11,938.3 


7,452.4 
103.8 


7,566.2 


9,967.4 

679.1 

1.332.3 

7,981.4 


19,96a  2 


8,206.5 
103.8 


8,312.3 


8,312.3 


Steer  B. 


Dry 

matter. 


Oranu. 

2,470.3 

1,076.9 

246.9 

6a4 


aao 

97.2 
109.9 


3,806.1 

1,717.9 

337.3 

88.9 


Income. 


Caloriea. 
Il,14a6 


11, 14a  6 


4,751.2 


433.8 

1,614.1 

219.2 


Outfo. 


Caiarie: 


7,017.8 


17,157.3 


20.0 

57.0 
19.3 


17,157.3 


7,100.0 


254.1 
183.4 


7,537.6 


5,16&3 
414.8 
806.3 

4,751.2 


11, 14a  6 


6,928.4 
80L4 


7,017.8 


8,2SS.7 

6SS.S 

1,18&4 

7,ioao 


17,157.3 


7,38a  0 
88.4 


68.1 


7,537.5 


It  is  apparent  from  the  foregoing  tabulation  that  a  much  better 
agreement  between  the  observed  and  computed  heat  production  was 
obtained  in  this  series  of  experiments  than  in  those  of  the  previous 
year;  as  is  clearly  shown  by  the  following  summary^  and  also  that  the 
differences  are  in  both  directions: 


Table  137. — Observed  and  computed  daily  heat  production,  1906. 


StmrA. 

Steer  B. 

Periods. 

Observed. 

Computed. 

Error. 

Computed 
observed. 

Observed. 

Computed. 

Error. 

Computed 

-*- 
observed. 

I 

Calories. 
9.339.1 

12,871.7 
7,452.4 
8,208.5 

Calories, 
9,248.8 

12,881.6 
7,344.7 
8,164.4 

Calories. 

-  90.3 
+    9.8 
-107.7 

-  44.1 

Percent. 

99.0 

100.1 

98.6 

99.6 

Calories. 
8,936.9 
9,736.1 
6,928.4 
7,380.0 

Qdories. 
9,063.1 
9,700.1 
6,709.2 
7,448.1 

QUories, 

+116.2 

-  3ao 

-219.2 
+  68.1 

PereetU. 
101.3 

11 

in 

IV 

99.6 
96.8 

ioa9 

METABOLIZABLE  ENEBGY,  1906. 
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HETABOLIZABLE  ENERGY. 

The  results  for  the  metabolizable  energy  of  the  timothy  hay  and 
of  the  mixed  grain  in  these  experiments  are  tabulated  in  the  follow- 
ing pages  in  the  same  form  as  in  the  experiments  of  the  previous 
year  (pp.  115-117). 

Table  138. — Percentage  distrtbution  of  energy  of  timothy  hay,  1906. 


Total  energy. 

Energy  of  digested  matter. 

Periodin. 

Period  rv. 

True 
aTeragB. 

Period  m. 

Period  IV. 

True 
average. 

Steer  A. 
In  feoM 

Calories. 

48.22 

3.44 

6.97 

41.37 

Calories. 

49.91 

3.40 

6.68 

40.01 

Calories. 

49.28 
3.42 
6.78 

40.52 

Calories. 

Cahries. 

Calories, 

In  urine 

6w64 
13.46 
79.90 

6.79 
13.34 
79.87 

6.74 

In  nM^thanp 

13.38 

M4fti\l>oHsablA 

79.88 

100.00 

100.00 

100.00 

100.00 

100.00 

loaoo 

Steers. 
In  feces 

46.30 
3.72 
7.24 

42.66 

48.00 
3.70 
6.92 

41.38 

47.37 
3.71 
7.04 

41.88 

In  urine 

6.94 
13.51 
79.55 

7.12 
13.30 
79.58 

7.06 

Tp  TPflthftnft 

13.38 

Metabolizable 

79.57 

100.00 

loaoo 

100.00 

loaoo 

100.00 

100.00 

Table  139. — MetahoUzahle  energy  per  gram  of  organic  matter  of  timothy  hay^  1906. 


Periods. 

Organic  matter. 

ICetabolliable  energy. 

TotaL 

Dlgeeted. 

Total. 

Per  gram 

total 

organic 

matter. 

Per  gram 
digested 
organic 
matter. 

III. 

Steer  A. 

Ormns. 
2,403.1 
4,164.8 

Orams. 
1,373.1 
2,238.1 

OBlories. 

4,938.8 
7,981.4 

Calories. 
1.981 
1.916 

Calories. 
3.597 

IV.. 

dv  oOO 

Totals  and  averages 

6,667.9 

3.611.2 

12,920.2 

1.941 

3.578 

Steers. 

in. 

2,326.6 
3,581.7 

1,332.6 
1,991.8 

4,751.2 
7,100.0 

2.042 
1.982 

3.566 

IV. 

3.566 

5,908.2 

3,324.4 

11,851.2 

2.006 

3.566 

152      INFLXTENCE  OF  TYPE  AND  AGE  ON  XmOZATION  OP  FEED. 
Tablb  140. — PeremUigedigtnbutiionof  energy  of  m  1906. 


sua  A, 
FMlodI: 

In  total  ration , 

In  hay 


Ingrain , 

Per  cent  of  total  energy 

Per  cent  of  digested  eoefgy . 


Periodll: 

In  total  ratton. 
In  hay 


Ingrain 

Per  oent  of  total  energy 

Per  oent  of  digested  energy. 

BUtfB, 
FiBilodI: 

In  total  ration 

In  hay 


Ingrain , 

Per  cent  of  total  energy 

Per  oent  of  digested  energy. 


Period  n: 

In  total  ration. 
In  hay 


Ingrain , 

Per  cent  of  total  energy 

Per  oent  of  digested  energy. 


Organlo  matter. 


TotaL 


4.17&3 
2,450.0 


1,717.3 


6,486.4 
2,487.5 


3,998.9 


3,439.0 
2,294.2 


4,360.4 
2,320.2 


2,040.2 


Digest- 
ed. 


Qramt. 
2,849.9 
1,333.8 


1,516.1 


4,406.9 
1,349.2 


8,147.7 


2,293.7 
1,290.9 


1,144.8     1,002.8 


2,884. 
1,306.6 


1,579.3 


Total 
enei^. 


CUoriet. 
20,109.6 
11,691.5 


Energy  of  excreta. 


Feces. 


Oaioria. 
6,855.6 
5,761.6 


8,41&1     1,094.0 
100.00        13.0(1 


31,385.1 
11,796.2 


19,588.9 
100.001 


16,519.9 
10,907.8 


5,612.1 
100.001 


20,997.2 
11,002.6 


9,994.6 
100.001 


10,196.6 
5,813.2 


4,383.4 
22.38 


5,no.o 

5,167.0 


763.0 
13.60 


7,476.3 
5,211.9 


2,264.4 
22.66! 


Urine 
(cor- 
rected). 


CbJoriet. 

1,041.5 

399.8 


641.7 
7.62 
8.76 


1,005.0 
403.4 


1,201.6 
6.131 
7.90 


864.3 
404.7 


459.6 
8.19 
9.48 


1,094.3 
406.2 


686.1 
6.861 
8.89 


Methane 
(com- 
puted). 


Odioria. 

1,491.8 

792.7 


680.1 
8.30 
9.54 


2,203.2 

799.8 


1,483.4 
7.63 
9.83 


1,223.3 
767.9 


455.4 

8.11 
9.38 


1,504.5 

774.6 


729.9 

7.301 
9.44 


Metabo. 

Uxabte 


CUoriet. 
10,720.7 
4,737.4 


5,983.3 
71.06 
81.70 


17, 29a  3 
4,779.8 


12,510.5 
63.85 
82.27 


8,502.3 
4,568.2 


3,934.1 
70.10 
81.14 


10,022.1 
4,607.9 


6,314.2 
63.18 
81.67 


Tablb  141. — Metabolizable  energy  per  gram  organic  matter  of  mixed  grain,  1906. 


Periods. 

Organic  matter. 

Metabolisable  energy. 

m 

Total. 

Digested. 

Total. 

total 
organic 
matter. 

digested 
organic 
matter. 

I 

Steer  A. 

Orame. 
1,717.3 
3,098.9 

Qnmi. 
1,516.1 
3,147.7 

CUorlet. 
6,963.3 
12,510.5 

CaHartee. 
3.484 
3.128 

Oaioriee. 
3.046 

3.974 

Steer  B. 

5,716.2 

3.306 

1 

1,144.8 
2,040.2 

1,002.8 
1,579.3 

3,934.4 
6,314.2 

3,437 
3.005 

3  923 

II 

S.0Q6 

3,185.0 

3.266 

HEAT  EMISSION  STANDING  AND  LYING,  1906. 
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OOSBBCnON  OF  HEAT  PRODUCTION  FOB  STANDING  AND  LYING. 

HBAT  BMITTBD  BY  BADIATION  AND  OONDUOTION. 

The  foregoing  results  for  heat  production  have  still  to  be  corrected 
for  differences  in  the  amount  of  time  spent  standing  and  lying,  in 
accordance  with  the  methods  discussed  on  pages  41  and  118.  The 
following  tables  show  for  each  period  the  results  in  the  indiYidual 
sections  which  were  selected  for  comparison  and  likewise  the  average 
heat  emitted  per  minute  by  radiation  and  conduction  during  the 
several  periods  and  brought  out  of  the  apparatus  in  the  water  current. 

Table  142. — Heat  emitted  by  radiation  and  conduction  during  periods  of  standing  and 

lying,  1906. 


Periods. 


StMrA: 

6.00  p.  m. 

0.16  p.  m. 
10.12  p.  m. 
11.56  p.  m. 

2.40  a.  m. 

4.28  a.  m. 

6.00  ft.  m. 

9.24  ft.  m. 
12.36  p.  m. 

6.00  p.  m. 

7.48  p.  m. 
11.36  p.  m. 

8.44  ft.  m. 

6.20  ft.  m. 

6.00  ft.  m. 

7.48  ft.  m. 
10.20  ft.  m. 
12.00  p.  m. 

8.32  p.m. 


Period  L 


to  8.06 
to  9.44 
to  11.36 
to  1.36 
to  8.32 
to  6.M 
to  9.04 
to  12.16 
to  6.36 
to  7.20 
to  10.06 
to  2.32 
5.00 
5.56 
7.16 
9.56 
to  11.20 
to  3.04 
to  6.00 


to 
to 

to 
to 


p.m. 
p.m. 
p.m. 
ft.m. 
ft.m. 
ft.m. 
ft.m. 
p.m. 
p.m. 
p.m. 
p.m. 
ft.m. 
ft.m. 
ft.m. 
ft.m. 
ft.  m. 
ft.  m. 
p.m. 
p.m. 


Totftis 

Totftl  oorreotloos  for  cftpacity,  feed,  water,  excreta, 
etc 


Hefttpermimite. 


Steer  B: 

6.40 

10.20 

12.08 

12.36 

3.20 

5.04 

6.00 

8.00 

10.40 

4.52 

6.00 

7.44 

10.40 

5.06 

6.00 

9.56 

11.04 

8.20 


p.m. 
p.  m. 
ft.m. 
ft.m. 
ft.  m. 
ft.  m. 
ft.  m'. 
ft.  m. 
ft.  m. 
p.m. 
p.m. 
p.m. 
p.m. 
ft.  m. 
ft.  m. 
ft.m. 
ft.  m. 
p.m. 


to  9.20 
to  11.48 
to  12.36 
to  2.32 
to  4.40 
to  6.00 
to  7.20 
to  10.16 
to  4.32 
to  6.00 
to  7.16 
to  10.40 
to  4.12 
to  6.00 
to  9.30 
to  11.04 
to  2.48 
to  6.00 


p.m. 
p.m. 
ft.m. 
ft.m. 
ft.m. 
ft.  m. 
ft.m. 
ft.  m. 
p.m. 
p.m. 
p.m. 
p.m. 
ft.m. 
ft.  m. 
ft.  m. 
ft.  m. 
p.m. 
p.m. 


Totals 

Total  correotloDs  for  capacity,  feed,  water,  excreta, 
etc 


Heat  per  mJnate. 


Standing. 


Elapsed 
time. 


Jfimitei. 

128 


84 


92 

184 


324 
80 


40 
76 


60 
148' 


1,216 


160 


28 
116 


56 

80 

136 


68 
76 


52 
210 


204 


1,192 


Total  heat 


CaUnrUt. 
702.99 


512.99 


639.02 
971.  OS 


1,830.76 
442.59 


249.06 
440.23 


387.82 
'865.'38' 


6,890.91 
+79.51 


6,970.42 
5.7323 


907.02 


160.41 
680.21 


312.20 
401.12 
681.06 


873.93 
416.38 


292.40 
1,128.18 


1,066.18 


6,489.12 
-23.24 


6,415.88 
5.3624 


Lying. 


Elapsed 
time. 


JciMllCf. 

Orioriet. 

28 

114.78 

100 
52 

444.92 
232.62 

172 

691.96 

140 

176 

76 

395.68 
809.21 
339.67 

128 

510.62 

184 

867.74 

1,056 


1,256 


Total  heat 


4,607.18 
-96.40 


4,510.78 
4.2716 


88 

• 

848.56 

80 

800.47 

k...  ....-,.... 

r 

852 

1,291.61 

176 
832 

710.12 
1,434.06 

68 

234.06 

160 

574.53 

4,893.41 
-13.85 


4,879.56 
3.8850 
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Table  142. — Heal  emitted  by  radiation  and  conduction  during  periods  of  Uanding  and 

lying  t  1906 — Continued. 


Periods. 


8.16 
9.14 
9.44 


a.  m. 
a.m. 
a.m. 


Period  II. 
Steer  A: 

8.£2p.  in.  to  9.2Bp.  xn 

9.48  p.  m.  to  10.44  p.  m 

11.16  p.  m.  to  11.28  p.  m 

11.28  p.  m.  to  12.40  a.  m 

1.00  a.  m.  to  2.24  a.  m 

2.44  a.  m.  to  4.56  a.  m 

6.20  a.  m.  to  6.00  a.  m. 

6.00  a.  m.  to 

8.40  a.  xn.  to 

9.14  a.  m.  to 

10.00  a.  m.  to  10.23  a.  m 

10.23  a.  m.  to  11.06  a.  m 

11.62  a.  m.  to  12.24  p.  m 

12.40  p.  m.  to  12.675 p.  m.. . 
12. 575  p.  m.  to  1. 185  p.  m. 

L185p.  m.  to  1.36  p.m.. 

2.06  p.  xn.  to  2.48  p.  xn 

3.12p. xn. to  4.48 p. m 

5.08  p.m.  to  6.00  p.  m 

6.00  p.m.  to  7.44  p.  m 

8.06p.m. to  9.20p.m 

9.40  p.  m.  to  12.24  a.  m 

L2.44  a.  m.  to  1.16  a.  m. 

1.36  a.  m.  to 

2.16  a.  m.  to 

4.40  a.  m.  to 

6.00  a.  m.  to 

8.32  a.  m.  to  10.08  a.  m. . 
10.28  a.  m.  to  10.48  a.  m.. 
11.08  a.  m.  to  12.66  p.  m.. 

1.16  p.m.  to  1.66  p.m., 

2.16  p.m.  to  8.62  p.m.. 

4.12 p.m. to  6.00p.m.. 


1.66  a.  m. 
4.20  a.  m. 
6.00  a.  m. 
7.66  a.  m. 


Totals 

Total  oozreotlons  for  capacity,  feed,  water,  excreta, 
etc 


Heat  per  minute. 


Steer  B: 

6.52  p.  m. 

8.28  p.  m. 
10.16  p.  m. 
12.00  a.  m. 

2.00  a.  m. 

6.00  a.  m. 

6.00  a.  m. 

8.06  a.  m. 
11.12  a.  m. 

2.00  p.  m. 

6.04  p.  m. 

6.00  p.  m. 

8.20  p.  m. 

9.62  p.  m. 
11.36  p.  m. 

1.12  a.  m. 

2.24  a.  m. 

6.00  a.  m. 

8.00  a.  m. 
11.16  a.  m. 
12.56  p.  m. 

3.44  p.  m. 


to  8.04 
to  9.66 
to  11.86 
to  1.36 
to  4.40 
to  6.00 
to  7.44 
to  10.52 
to  1.36 
4.48 
6.00 
8.00 
9.32 
to  11.12 
to  12.52 
to  2.00 
to  5.28 
to  7.28 
to  10.56 
to  12.32 
to  8.24 
to  6.00 


to 
to 
to 
to 


p. 
P- 
p. 
a. 

a. 
a. 
a. 
a. 
p. 
p. 
P- 
p. 
p. 
P- 
a. 
a. 
a. 
a. 
a. 
p. 
p. 
p. 


m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 


Totals , 

Total  correctioxis  for  capacity,  water,  feed,  excreta, 
etc , 


Heat  per  minute. 


Standing. 


Elapsed 
time. 


MinuUi, 


66 
12 
72 

84 


40 

136 


23 
45 


17.6 
21 
17.5 
40 


62 
104 


164 
"26" 


80 
116 


20 
"46" 


1,268 


72 
80' 


60 
104 


144 


66 
120 


80 

48" 


88 
"76* 

ise" 


1,064 


Total  heat. 


OiUoriei. 


444.81 

96.06 

562.22 

608.68 


286.74 
929.83 


108.54 
338.63 


130.45 
161. 15 
140.66 
294.61 


389.24 
767.80 


1,283.67 
"i67.'i3' 


591.34 
78a  21 


161.85 
'338.'66' 
"837.'8i' 


9,460.06 
+110.87 


9,569.45 
7.6469 


412.48 
'626.'34' 


369.97 
617.37 


897.29 


332.86 
703.06 


624.44 
"82i.'66" 


632.36 
"496'99" 
'786.' 9i' 


6,506.93 
+  64.17 


6,563.10 
6.1683 


Lying. 


Elapsed 
timew 


MbnUst. 

36 


888 


1,332 


Total  heat. 


CWorieff. 
22a  89 


132 

667.92 

34 
30 

176.09 
162.88 

32 

186.74 

96 

494.25 

72 

396.48 

32 

178.43 

124 

676.29 

96 

604.22 

106 

668.97 

96 

60129 

4,766.46 
-116.70 


4.639.75 
6.2249 


88 

368.68 

96 
160 

427.40 
730.79 

164 

70a96 

168 

706l64 

72 

306.02 

76 

833.91 

184 

821.67 

176 

737.02 

148 

612.76 

5,733.70 
-44.81 


6,666.89 
4.2700 
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Tabli  142. — Heai  emitted  hy  radiaiion  and  conduction  during  periods  of  Btanding  and 

lying,  1906 — Continued. 


Periods. 


SteorA: 

6.00  p.  m. 
10.20  p.  m. 

1.36  a.  m. 

8.32  a.m. 

6.28  a.m. 

6.08  a.  m. 

9.32  a.m. 
12.28  p.  m. 

6.00  p.m. 

9.00  p.  m. 
12.20  a.m. 

1.20  a.m. 

4.16  a.  m. 

6.00  a.m. 

8.40  a.m. 
11.36  a.  m. 

2.12  p.  m. 

4.16  p.  m. 


PerM  III, 


to  9.0B 
to  1.16 
to  8.06 
to  5.06 
to  6.00 
to  9.06 
to  12.06 
to  6.00 
to  8.36 
to  11.40 
to  12.66 
to  8.56 
to  6.00 
to  8.16 
to  11.16 
to  1.48 
to  8.56 
to  6.00 


p.m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
p.  m. 
p.  m. 
p.  m. 
p.  m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
p.  m. 
p.  m. 
p.m. 


Totals. 

Total  oorrectkMis  for  capacity,  feed,  water,  excreta, 
etc 


Heat  per  mtarate. 


Steer  B: 

6.00  p.m. 

9.48  p.  m. 
11J52  p.  m. 

2.04  a.  m. 

6.00  a.  m. 
10.40  a.  m. 
^2M  p.  m. 

8.12  p.  m. 

8.28  p.  m. 

6.32  p.m. 

6.00  p.m. 

9.40  p.  m. 
11.82  p.  m. 
12.52  a.  m. 

ZJOO  a.  m. 

4.36  a.  m. 

5.48  a.  m. 

6.00  a.  m. 

8.04  a.  m. 
10.12  a.  m. 
12.32  p.  m. 

8.36  p.  m. 


to  9.24 
to  11.32 
to  1.40 
to  5.32 
to  10.16 
to  11.48 
to  2.44 
8.28 
5.12 
6.00 
9.16 
to  11.12 
to  12.28 
to  2.40 
4.12 
5.28 
6.00 
7.40 
9.52 
to  11.56 
to  3.16 
to  6U» 


to 
to 

to 
to 


to 
to 
to 
to 
to 


p.  m. 
p.  m. 
a.m. 
a.m. 
a.m. 
a.m. 
p.m. 
p.  m. 
p.m. 
p.m. 
p.  m. 
p.  m. 
a.  m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.  m. 
a.  m. 
a.m. 
p.  m. 
p.  m. 


Totals 

Total  oorreotkms  for  capacity,  feed,  water,  excreta, 
etc 


Heat  per  mlnate. 


Steer  A: 

6.00 

8.36 

11.12 

12.28 

3.28 

6.12 

8.28 

11.12 

12J12 

1.28 

2.40 

9J52 

5.44 

6.20 


Period  IV. 


p.m. 
p.  m. 
p.m. 
a.m. 
a.  m. 
a.  m. 
a.  m. 
a.  m. 
p.  m. 
p.  m. 
p.  m. 
p.  m. 
p.m. 
p.  m« 


to  8.12 
to  10.24 
to  12.06 
to  3.08 
to  8.56 
to  8.04 
to  10.52 
to  12.04 
to  \M 
to  2.28 
to  8.08 
to  5.08 
to  6.00 
to  8.28 


p.  m. 
p.m. 
a.  m. 
a.  m. 
a.m. 
a.m. 
a.m. 
p.  m. 
p.m. 
p.m. 
p.  m. 
p.m. 
p.m. 
p.m. 


Standing. 


Elapsed 
ttmo. 


Mhtuiet. 
188 


92 


32 
188 


332 

156 


36 


104 
136 


132 

ioi 


1,500 


204 


108 
256 


28 
196 


56 
'72' 


12 
100 


104 
144* 


1,486 


132 
66 


112 


52 
16 


28 


16 
128 


Total  heat 


Ouioriet. 
768.07 


486.12 


160.37 
855.44 


1,534.30 
706.59 


193.26 


525.58 
619. 10 


637.78 
"5ii.*67' 


6,996.37 
-36.88 


6,961.49 
4.6410 


830.14 


509.02 
i,'6G7.'24' 
"696.' io' 


118.06 
888.40 


266.96 
'846.48' 


48.94 
432.98 


460.65 

'©i.'io' 


6,286.10 
-57.18 


6,178.92 
4.8029 


602.25 
366.72 


152.94 
566.87 


281.06 
81.28 


148.19 


84.06 
662.69 


Lying. 


Elapeed 
time. 


Mlnutti. 

CUofiet. 

176 

648.79 

96 

854.56 

156 

517.42 

160 

576.37 

156 

581.78 

156 

531.91 

104 

850.52 

1,004 


1,024 


108 


160 


144 


60 


76 


Total  heat 


3,551.85 
-45.62 


3,506.73 
8.4918 


104 

318.28 

208 

661.71 

68 

192.69 

16 
104 

44.41 
800.17 

92 

286.32 

108 

837.26 

52 

178.46 

106 

312.18 

164 

506.09 

3,131.52 

+13.19 


8,144.71 
8.0710 


399.66 


619.81 


521.01 


217.58 


283.73 
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Table  142. — Heat  emUted  by  radiation  and  conduction  during  periods  of  standing  and 

lying,  1906 — Cantinued. 


Standing. 

Lying. 

Periods. 

Elapsed 
time. 

Total  heat. 

Elapsed 

time. 

Total  hettU 

Period  /r-Contlnued. 

Steer  A— Contlniied. 

8.48  D.  m  to  12.00  a.111 

Mhmtet, 

Oaioiia, 

MhmUt. 
192 

Chlerier. 
763.22 

12.20  a.  m  to  1.24  a.  m 

64 

373.80 

2.00  a.  m  to  3.04  a.  xn 

64 

253.75 

8.24  a.  in  to  4.32  a.  xn 

68 
68 
72 

365.21 
335.99 
331.66 

4.52  a.  m.  to  6.00  a.  m 

6.00  a.  m.  to  7.12  a.in 

7.32  a.  xn.  to  8J>6  a.  xn 

84 

290.08 

9.16  a. in.  to  9.48 a.in 

32 

.    166.64 

10.08  a.  in.  to  10.32  a.  xn « 

24 

84.95 

10.52  a.  xn.  to  11.44  a.  xn 

52 

272.66 

12.20  D.  m.  to  2.52  p.  m 

152 

548.02 

4.24  D.  xn.  to  6.00  p.  xn 

96 

488.67 

Totals, 

1,020 

5,223.12 
+97.81 

1,064 

8,971.76 

Total  corrections  for  capacity,  feed,  water,  excreta, 
etc 

-52.63 

5.220.93 
6.2166 

3,919.  IS 

Heat  per  minute 

3.6834 

• 

Steer  B: 

6.00  P.  m.  to   7.04  p.  in 

04 

275.23 

7.24  p.  m.  to  8.36  p.  m 

72 
120 

241.86 

10.00  p.  in.  to  12.00  a.  m 

460.90 

12.36  a.  m.  to  1.00  a.  m 

24 

128.45 

1.28  a.  m.  to  4.52  a.  m 

204 

752.00 

5.20  a.  m.  to  6.00  a.  m 

40 
80 

213.45 
374.17 

6.00  a.  m.  to  7.20  a.  m 

8.00  a.  m.  to  10.16  a.  m 

136 
116 

441.72 

11.28  a.  m  to  1.24P.  xn 

398.78 

1.44  p.  m.  to  2.08  p.  m 

24 

122.15 

2.48  p.  in.  to  4.52  p.  m 

124 

446.59 

5.04  p.m.  to  5.18 p. m 

14 
20 
18 
32 
86 

71.87 
103.19 

90.92 
154.12 
178.35 

5.18  p.  m.  to  6.38  p.  m 

5.42  p.  m.  to  6.00  p.  m '. 

6.00  p.  m.  to  6.32  p.  m 

6.32  p.  m.  to  7.08  p.  m 

7.28  p/pi.  to  8.07  p.  m 

39 

61 

204 

144 

157.10 

8.07  p.  m,  to  9.08  p.  m 

215.94 

9.48  p.  m.  to  1.12  a.  m 

709.86 

1.56  a.  m.  to  4.20  a.  m 

555.98 

5.44  a.  m.  to  6.00  a.  m 

16 
106 

78.09 
497.66 

6.00  a.  m.  to  7.48  a.  m 

8.16  a.  m.  to  8.56  a.  m 

40 

125.20 

9.16  a.  m.  to  9.40  a.  m 

24 

116.25 

10.00  a.  m.  to  2.04  p.  m 

244 

818.16 

2.16  p.  m.  to  2  38  p.  m 

32 
86 

158.44 
172.60 

2.88  p.  m.  to  3.14  p.  m 

3.86  p.  m.  to  6.12  p.  m 

96 

842.37 

5.40  p.  m.  to  6.00  p.  m 

20 

96.11 

•                                          •                                                               ~     ' 

Totals 

588 

2,841.04 
+94.19 

1,600 

5,720.40 

Total  corrections  for  capacity,  feed,  water,  excreta, 
etc 

-96.12 

2,935.28 
4.9919 

5,625.28 

Heat  per  minute 

8.5158 

Table  143. — Average  heat  per  mintUe  emitted  by  radiation  and  conduction,  1906. 


Periods. 

Standing. 

Lying. 

I 

SUer  A. 

OOorkt. 
5.7323 
7.6469 
4.6410 
5.2166 

5.8824 
6.1683 
4.3029 
4.9919 

Cbloriet. 

4.2716 

n 

&2249 

in 

8.4918 

rv 

3.6834 

I 

8tur  B. 

8.88S0 

n 

4.2709 

in 

3.0710 

IV 

3.5158 

availabujty  of  METABOUZABLE  ENEBQT,  1006. 
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HSAT  OIYEN  OFF  AS  LATENT  HBAT  OF  WATXR  VAPOR. 

On  the  basis  of  the  discussion  on  pages  122  to  124,  it  is  assumed 
that  the  percentage  of  the  total  heat  emitted  which  was  given  oS  as 
latent  heat  of  water  vapor  was  independent  of  the  standing  or  lying 
of  the  animal. 

HXAT  BMIBSION  AND  PBODITOnON  COMFUTBB  TO  12  HOURS  STANDmO. 

With  the  exception  of  steer  B  in  Period  IV ,  the  time  spent  standing 
did  not  vary  greatly  from  12  hours,  and  consequently  the  correction, 
computed  as  in  the  previous  year's  experiments  (see  p.  43),  is  compar- 
atively small.    The  following  are  the  final  results  of  the  computation: 

Table  144. — Heat  prodiLcHon  corrected  to  12  hours  standing ^  1906. 


steer  a. 

Steer  B. 

Periods. 

Corrected 
total  heat 

Correction 
for  gain  or 
loss  of  mAt> 

terby 

body. 

Corrected 

total  heat 

production. 

Corrected 
total  heat 
emlasion. 

Correction 
for  ^in  or 
loss  of  mat- 
ter by 
body. 

Corrected 

total  heat 

production. 

I 

OaloTiet. 
9,305l0 
12,599.2 

7,291.7 
8,285.7 

OalorUt. 

-  31.1 

-  8&7 

-  46.3 
-100.2 

QUoriet. 
9,273.9 

12,513.5 
7,24&4 
8,185.5 

CUoritf. 
8,966.9 
9,971.3 
6,724.2 
7,836.1 

QUorUt. 

+28.8 
-61.9 
+54.1 
+  1.0 

Oaloriea. 
9,01&7 

n 

9,900.4 

m 

6,77&3 
7,837.1 

rv 

AVAILABILITY  OF  METABOLIZABLE   BNEBGT. 

By  substituting  the  foregoing  corrected  values  for  the  heat  pro- 
duction in  the  balances  of  energy  contained  in  Table  136,  we  obtain 
the  corresponding  corrected  values  for  the  gains  of  energy  ,by  the 
animals,  as  follows: 

Tabus  145. — Corrected  gains  of  energy  by  the  animals,  1906. 


Periods. 


Steer  A. 


Income. 


Outgo. 


Steer  B. 


Income. 


Outgo. 


Period  I: 

MetaboUzable 

Brushings 

Heat  (Crom  Table  144). 
Gain 


Calories. 
10,720.7 


QOoriee. 


103.8 
0,273.9 
1,843.0 


CUorisf. 
8,502.8 


CUoHe*. 


002.8 


80.4 
0,015.7 


10, 72a  7 


10,72a7 


9,105l1 


9,10&1 


Period  n: 

Metabollsable 

Bmsblngs 

Heat  (from  Table  144). 
Gain 


17,290.3 


103.8 

12,513.5 

4,673.0 


10,922.1 


89.4 

9,909.4 

023.8 


17,290.3 


17,290.3 


10,022.1 


10,922.1 


Period  m: 

Metabolisable 

Bmsblngs 

Heat  (flrom  Table  144). 
Gain 


4,038.8 


2,410.4 


103.8 
7,245.4 


4,751.3 


2,116.5 


80.4 
6)778.3 


7,349.2 


7,  o4V.  m 


6,867.7 


6,867.7 


Period  IV: 

Metabolinble 

Bmsbings. 

Heat  (from  Table  144). 
CMn 


7,961.4 


807.9 
8,280.8 


108.8 
8,186.5 


7,100.0 


8,289.3 


826.5 
7,926.5 


80.4 
7,837.1 


7,926.5 
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From  the  data  of  the  foregoing  table,  the  percentage  availability 
of  the  metabolizable  energy  of  the  hay  and  of  the  mixed  grain  may  be 
computed  in  the  same  manner  as  in  the  experiments  of  1905  (pp.  126- 
128).  The  corrections  for  live  weight  are  based  on  the  averages  of 
the  last  six  weighings  of  each  period,  as  follows : 

Table  146. — Average  live  weighU  m  calanmeier  periode,  1906. 


Periods. 

Steer  A. 

Steer  B. 

I    

EUm. 
4M.0 
420.7 
390.1 
406l6 

ritoff. 

206.0 

II 

30O.6 

Ill       

206.3 

iv 

308.6 

TmOTHT  HAT. 


The  availability  of  the  metabolizable  energy  of  the  hay  may  be 
computed  from  the  results  of  Periods  III  and  IV,  making  the  nec- 
essary correction  for  Uve  weight,  as  follows: 

Table  147 .—AvaUabUUy  o/metaboUuble  energy  of  timothy  hay,  1906, 


steer  A— Periods  IV-m. 


-(^i)*"— 


m* 


sr«  4,038.8  yr« -3,410.4 

z«- 7,061.4  94--   307.0 

-3,410.4-(0.0870X  -307.0) 

4938.8-(0.0870X7,981.4)"  "••  P^  **°^- 


Steer  B— Periods  IV-IIL 


_    /206.3\t/i   ^^_^ 


,761.3 
7,100.0 


n---3416.5 
|f4*—   836u5 


-341ft.6~(0.0730X -836.5) 
4,761J-(0.0720X7,100.0) 


••60.86  per  cent. 


MIXBD  GRAIN. 


The  following  tables  show  the  corrections  for  the  variations  in  the 
amount  of  hay  consumed  in  Periods  I  and  II,  on  the  mixed  rations, 
and  the  availability  of  the  metabolizable  energy  of  the  mixed  grain, 
computed  in  the  same  manner  as  in  the  experiments  of  1905. 

Table  148. — Correetumfor  differeneee  in  amounte  of  hay  eaten,  1906. 


Steer  A. 

Steer  B. 

Periods. 

Oiganlo 

matter  of 

hay. 

MetaboUs- 

abteeneny 
oftoSi 
ration. 

Gain  by 

Orpanlo 

matter  of 

bay. 

Metabolls- 
ableeneivy 
oftotaT 
ratloa. 

Gain  by 
animal. 

Period  m 

Gramt, 
3,486.1 
3,450.0 

Cdloriet. 

Calories. 

(Trams. 
3,336.5 
3,304.3 

Catariu. 

Coloriei; 

Period  L 

10,730.7 
66.3 

1,348.0 
47.3 

8,503.3 
64.8 

—602.8 

Correctloii. 

84.1 

33.3 

30.4 

3,403.1 

10,786.0 

1,300.3 

3,336.5 

8,567.1 

—663. 4 

Period  m 

3,403.1 
3,487.6 

3,836.6 
3,330.3 

Period  II 

17,300.3 
10.0 

4,673.0 
7.8 

10,038.1 
13.6 

083.3 

Oomctlon ..X.  X 

6.6 

6.3 

7.7 

Period  Ilcoireeted 

3,408.1 

17,301.3 

4,680.8 

^336.5 

10,034.7 

081.0 
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Table  149. — AvaiktbUity  of  metabolizabU  energy  of  m  1906. 


Steer  A— Periods  I-III. 


1^  4,038.8  y^  -2,410.4 

Xi- 10, 786.0  yi-      1,300.3 

~2,410.4-(0.0100X  1,390.3) 
"•"     4, 038. 3-(0. 9190X 10, 786. 0)  "  '**  *"  P*'  **"*' 


Steer  B— Periods  I-III. 


^{^)^-o-^^ 


•  4,751.2 
xi- 8, 667.1 


yj—  —2,116.6 
yi 663.4 


-2,116.5-(0.096lX-663.4) 
'"^ 4, 761. 2-(0. 0061X8, 667.1)     -«•  12  per  cent. 


Steer  A— Periods  n-ni. 


-'(^^)^-'-^ 


4,038.8 
17,301.2 


•2,410.4-(0.0656X  4,680.8) 
4, 038. 8-(0. 9656X 17, 301. 2)  "  ^  **  P*' *'*°*^• 


y^-2,410.4 
4,680.8 


Steer  B— Periods  H-m. 


'm2\H 


""'(mir'^-^ 


W— i~T 


4,761.2  yi»  -2,116.6 

XI- 10, 034. 7  yr-         031.0 

-2, 116. 5-(0. 0707X031. 0) 


4, 751. 2-(0. 9707X 10, 034. 7) "  *^"  *^  P*'  **"*• 


Steer  A— Periods  n-I. 


in— 


/404.0\^    .-_^ 

XI- 10, 786.0  yi- 1,300. 3 

z»-17,301.2  yt-4,680.8 

I,a00.3-(0.0734X  4,680.8) 
10,  T86. 0-(0. 0734X17, 301. 2)  "  *^-  ^  ^'  **"*• 


Steer  B— Periods  II-I, 


TO— 


/»8i?\H_o  0744 
*"V300.6/     ""•*''** 

n-  8,667.1  yi-  -663.4 

zr-10,034.7  yy-    031.0 

-563.4-(0.0744X      031.0) 

8,667.  l-(0. 0744X10, 034.7)  "'"•^  P*'^*"** 


Table  150. — Summary  of  percentage  availability  of  metaholizahU  energy,  1906, 


Steer  A. 

Steer  B. 

Timothy  hay: 

Periods  in  and  IV 

PereerU, 
71.40 

74.02 
62.30 
68.80 

PercenL 
60.86 

l£ized  crain: 

Peflods  I  and  m. 

41.12 

Periods  n  and  I 

70.44 

Periods  n  and  III 

51.61 

The  foregoing  results  are  also  represented  graphically  in  figure  8 
of  Part  I  (p.  48). 

BB8PIBATION  CALORDCBTEB  EXPEBDOBNTS  OF  1907. 

These  were  substantiaUy  a  repetition  of  the  experiments  of  the 
previous  year,  the  amount  of  feed  given  being  increased  to  correspond 
to  the  increased  weight  of  the  animals. 

FEEDING   STUFFS. 

Hay. — The  hay  was  very  nearly  pure  timothy,  grown  upon  the 
experiment  station  farm  and  harvested  about  the  last  of  June  or  the 
first  of  July  in  unusually  good  condition.  No  clover  was  noticed 
when  handling  the  hay.    The  hay  was  cut  and  sampled  on  December 
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18  and  19,  1906,  duplicate  samples  being  taken  for  analysis  and  the 
remainder  stored  as  in  the  previous  year.  Table  151  shows  the 
composition  of  the  two  general  samples  and  also  of  the  four  taken 
during  the  progress  of  the  experiments. 

Table  151. — Composition  of  dry  maUer  of  timothy  hay,  1907. 


Qeneral  samples. 

Samples  taken  dnxtng  experiment. 

Camponeiits  and  eneisy. 

A. 

B. 

Average. 

Period 
I. 

Period 

n. 

Period 

m. 

Period 
IV. 

Mh  - 

Percent. 
5.110 
7.094 
0.244 
30.675 
54.472 
2.405 

Percent. 
4.915 
6.700 
0.244 
31.619 
54.632 
1.890 

Percent. 
5.013 
6.897 
0.244 
31. 147 
54.552 
2.147 

Percent. 
4.973 
6.850 
0.428 
30.930 
54.610 
2.209 

Percent 
4.956 
6.419 
0.597 
31.170 
54.973 
1.885 

PereenL 
4.978 
6.331 
0.691 
31. 114 
54.804 
2.082 

PereenL 

5.115 

Protein » 

6.913 

Nonprotein  * 

0.40 

Oruoe  fiber 

29.980 

Nitrogen-free  extract 

55.400 

Ether  extract 

2.160 

100.000 

100.000 

100.000 

100.000 

100.000 

100.000 

100.000 

Total  nitrogen 

1.187 
1.135 

1.124 
1.072 

1.155 
1.104 

1.187 

1.006 

46.703 

5.775 

Caioriet. 
4,493.4 

1.154 

1.QZ7 

46.961 

5.742 

CalorieM. 
4,497.5 

1.160 

1.013 

46.930 

5.792 

Caloriee. 
4,509.3 

1.106 

Protein  nitrogen 

1.106 

Carbon 

47.087 

Rvdraffen. 

5.800 

Enf  rgy  per  grani 

Caioriet. 

Caloriee. 

Caloriei. 

Calories, 
4,530.8 

>  Computed  from  nitrogen,  using  factors  stated  In  Part  III,  page  203. 

Orain. — The  same  mixture  of  bran,  com  meal,  and  old-process 
linseed  meal  was  used  as  in  the  previous  year  and  the  sampling  was 
done  in  the  same  way.  Check  analyses  of  samples  of  the  mixed  grain 
were  also  included.    The  results  were  as  follows: 


Table  152. — Compontion  of  dry  matter  of  grainy  1907. 


Components  and  energy. 

Wheat  bran. 

CommeaL 

Linseed  meaL 

Period  I. 

Period  n. 

Period  I. 

Period  IL 

Period  L 

Period  n. 

Agh 

Percent. 

7.166 
13.298 

3.158 
10.400 
61.905 

4.063 

PereenL 

7.019 

13.508 

3.050 

10.060 

62.474 

3. 804 

PereenL 
1.405 

10.090 
0.155 
2.220 

81.972 
4.068 

PereenL 
1.477 
9.744 
0.517 
2.061 
82.172 
4.029 

PereenL 
5.816 

27.150 
3.972 
8.810 

47.614 
6.688 

PereenL 
5.811 

Proteln> 

27.810 

Nonprotein'. 

3.633 

Crude  fiber. 

a840 

Nltrosen-free  eztiaot 

47.269 

Ether  extract 

*6.6SB 

100.000 

100.000 

100.000 

100.000 

100.000 

100.000 

Total  nitrogen 

3.005 

2.333 

45.685 

5.954 

CalorUs, 
4.5789 

3.018 

2.360 

45.867 

5.995 

Cakrtet. 
4.5835 

1.715 

1.682 

46.360 

6.247 

Caioriet. 
4.5348 

1.734 

1.624 

46.141 

6.153 

Calories, 
4.&276 

5.782 

4.937 

47.816 

6.049 

CaJoriee. 
4.8010 

5.831 

Protein  nitrogen •••... 

5.058 

Carbon 7 

48.295 

Hydrogen 

5.948 

Calories. 
4.8747 

1  Computed  from  nitrocen,  using  faotoca  stated  in  Part  m,  page  201. 
*  Aasnmed  wma  as  Fenod  L 
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Tablb  153. — Composition  of  dry  matter  of  mixed  grain. 


Period  I. 

Period  II. 

GomponentB  and  energy. 

Computed. 

Composite 
sample. 

ComiNited. 

Composite 
sample. 

Ash 

Percent. 
4.156 
17.861 
2.220 
6.213 
64.378 
5.172 

Percent. 

4.283 
18.215 

1.889 

6.404 
63.775 

5.434 

Percent. 

4.126 
18.030 

2.214 

6.109 
64.393 

5.128 

Percent. 
4.120 

Protelni 

18.763 

Nonnroteln^ 

2.120 

Crua<B  fiber 

6.342 

Nitroeen'free  extract 

63.461 

Ether  extract 

6.186 

100.000 

100.000 

100.000 

100.000 

Total  nltrocen 

3.642 

3.170 

46.888 

6.120 

CblOfiet. 
4.6552 

3.635 

3.233 

46.818 

6.467 

Oaloriet. 
4.6806 

8.673 

3.202 

47.025 

6.043 

Oaioriet. 
4.6843 

3.783 

Pioteiin  nitrogen 

8.332 

Carbon T 

47.074 

Hvdroeen. 

5.827 

Bnerffv  uer  ffram 

Oakfiea 
4.6060 

1  Computed  from  nitrogen,  using  factors  stated  in  Part  III,  page  208. 
PERIODS  AND   RATIONS. 

The  periods  and  rations  are  tabulated  in  the  same  manner  as 
before,  the  dates  being  inclusive  in  all  cases. 

Table  154  —Periods,  1907. 


Periods. 


I 

Transition 
II 

m 

IV 


steer  A. 


Preliminary  feed- 
ing. 


Jan.  20  to  30 

Feb.lOtolO 

Feb.l7to27 

Mar.lOto20 

Mar.81toApr.10. 


Excreta  coUected. 


Jan.  31  to  Feb.  0... 


Feb.  28  to  Mar. 9. 
Mar.  21  to  30.... 
Apr.  11  to  20 


Steer  B. 


Preliminary  feed- 
ing. 


Jan.  27  to  Feb.  6.. 

Feb.l7to23 

Feb.  24  to  Mar.  6. 

Mar.  17  to  27 

Apr.7tol7 


Excreta  collected. 


Feb.  7  to  16. 


Mar.  7  to  16. 
Mar.  28  to  Apr.  6. 
Apr.  18  to  27. 


Table  155. — Daily  rations ,  1907. 


Steer  A. 

Steer  B. 

Periods. 

Timothy 
bay. 

Wheat 
bran. 

Com 
meal. 

Linseed 
meal. 

Timothy 
hay. 

Wheat 
bran. 

Com 
meal. 

Linseed 
meal. 

I 

Grama. 
3,400 
3,400 
3,400 
5,600 

Grama. 
335 
800 

Grama. 
1.000 
2,400 

Grama. 
1,000 
2,400 

Grama. 
3,200 
3,200 
3,200 
5,300 

Grama. 
235 
450 

Grama. 
700 
1,350 

Grama. 
700 

II 

1,360 

in 

IV 

• 

92946^— Bull.  128—11 U 
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DIOE8TIBILITT  OF  THE  RATIONS. 

The  digestibility  of  the  rations  is  computed  from  the  figures  in 
Tables  IX  and  X  of  the  appendix  in  the  same  maimer  as  before  with 
the  following  results. 

Table  166,— Feed  and  excreta— Period  /,  1907, 


Timothy  hay: 

Total 

Uneaten 

Eaten 

Eaten  per  day.... 
Wheat  bran: 

Total 

Eaten  per  day.... 
Com  meal: 

Total 

Eaten  per  day.... 
Linseed  meal: 

Total 

Eaten  per  day.... 
Feces: 

CoUected 

Spilled  Feb.  7 

Induct 

Total 

Excretion  per  day. 


Num- 
ber of 
day*. 


10 


10 


BteerA. 


Fresh 

weight. 


Oranu. 

34,000.0 

2.5 

33,097.6 

3,390.8 

8,350.0 
335.0 

10,000.0 
1,000.0 

10,000.0 
1,000.0 

84,590.0 

5.0 

616.0 

85,211.9 

8,521.2 


Dry  matter. 


Percent, 
86.33 
86.33 


84.97 
88.71 


87.44 


18.12 
80.68 
21.77 


Oravu. 

20,351.^ 

2.2 

29,349.5 

2,935.0 

2,846.6 
284.7 

8,370.9 
837.1 

8,743.8 
874.4 

15,323.5 

4.0 

134.3 

15,461.8 

1,546.2 


StevB. 


Nmn- 
berof 
days. 


10 


10 
10 


10 
10 


Fresh 
weight. 


(Tronu. 

32,000.0 

19.4 

31,960.8 

3,198.1 

2,350.0 
236.0 

7,000.0 
700.0 

7,000.0 
700.0 

60, 96a  0 


7.4 

60,957.4 

6,006.7 


Dry  matter. 


Pereeni, 
86.33 
86.33 


84.07 
83.71 


87.44 


23.14 

'soJes' 


(Tram*. 

27,625.0 

16.8 

27,006.2 

2,760.8 

1,996.9 
199.7 

5,859.6 
58&0 

6,120.7 
612.1 

14,106.1 


3-7 

14,106.8 

1.410.9 


Table  157.— DigestOfUity  of  ratum9—Period  1, 1907. 


Drv 
matter. 

Ash. 

Organic 
matter. 

Pro- 
tein. 

Non- 
pro- 
tein. 

Grade 
fiber. 

Nitro- 
gen-free 
extract 

Ether 
ex- 
tract. 

Total 
nitro- 
gen. 

Carbon. 

dro- 
gen. 

Energy. 

BUerA. 

Timothy  hay.. 
Wheat  bran... 

Com  meal 

Linseed  meal.. 

Gmt. 
2,934.9 
284.7 
837.1 
874.4 

Gmt. 
146.0 
20.4 
12.5 
50.9 

Omt. 
2,788.9 
264.3 
824.6 
823.6 

Omi. 

201.0 
37.9 
84.6 

237.4 

Omt. 

12.6 
8.9 
1.3 

34.7 

GflM. 

907.8 
29.6 
18.6 
77.0 

Ofiu. 
1,602.7 
176.2 
686.2 
416.3 

Omt. 
64.8 
11.6 
34.1 
58.0 

Omt. 
34.8 
8.6 
14.4 
50.6 

Omt. 
1,373.3 
130.1 
388.1 
418.1 

Omt. 

160.5 
17.0 
52.3 
52.9 

raforte. 

13,187.7 
1,303.6 
3,796.1 
4,196.0 

Total.... 
Feces 

4,931.1 
1,646.2 

229.8 
149.6 

4,701.3 
1,396.6 

660.8 
206.9 

57.6 

1,033.0 
448.9 

2,881.4 
704.6 

168.5 
36.3 

106.4 
33.1 

2,309.6 
750.0 

291.7 
87.7 

22,485.4 
7,359.8 

Digested. 
Fercent&se  dl- 
gestibinty . . . 

3,384.9 
68.64 

80.2 
34.90 

3,304.7 
70.29 

353.9 
63.09 

57.6 
100.00 

584.1 
56.64 

2,176.8 
76.65 

132.2 
78.46 

75.3 
69.46 

1,559.6 
67.53 

204.0 
60.93 

15,126.1 
67.27 

Steer  B. 

TimothThay.. 
Wheat  bran... 

Com  meal 

Linseed  meal. . 

2,760.8 
199.7 
586.0 
612.1 

137.3 

14.3 

8.8 

35.6 

2,623.5 
185.4 
677.2 
676.5 

189.1 
26.6 
59.1 

166.2 

11.8 
6.3 
0.9 

24.3 

863.9 
20:8 
13.0 
53.9 

1,507.7 
123.6 
480.4 
201.4 

61.0 

8.2 

23.8 

40.6 

82.8 

6.0 

10.0 

36.4 

1,291.9 

91.2 

271.7 

292.7 

169.4 
11.9 
36.6 
37.0 

12,406.4 

014.4 

2,667.4 

2,088.7 

Total-... 
Feces 

4,158.6 
1,410.9 

196.0 
135.0 

3,962.6 
1,276.0 

441.0 
152.8 

43.3 

941.6 
419.0 

2,403.1 
664.1 

133.6 
39.0 

84.2 
24.5 

1,947.5 
682.3 

244.9 
81.1 

• 

18,915.9 
6,767.7 

Digested. 
Percentage  di- 
gestlbiUty . . . 

2,747.7 
66.07 

60.1 
30.66 

2,687.6 
67.82 

288.2 
65.35 

43.3 
100.00 

522.6 
56.50 

1,739.0 
72.30 

94.6 
70.80 

59.7 
70.90 

1,266.2 
64.97 

163.8 
66.88 

12,148.3 
64.23 

DIOESTIBILITr  OF  BATI0K8,  1907. 
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Tablb  15S.^Feed  and  excrettt— Period  II,  1907, 


Steer  A. 


Nom- 
berof 
days. 


Fresh 

weight. 


Drymattv. 


Steer  B. 


Num- 
ber of 
days. 


Fresh 
weight. 


Dry  matter. 


Timothy: 

Total 

Uneaten 

Eaten 

Eaten  per  day. 
Wheat  bran: 

Total 

Eaten  per  day. 
Com  meal: 

Total 

Eaten  per  day. 
Linseed  meal: 

Total 

Eaten  per  day. 


CoUeoted 

Spilled  Mar.  7.... 
BpiUedMar.U... 

Induct 

Total 

Excretion  pw  day 


10 


10 


Chame, 

84,000.0 

0.8 

33,000.3 

3,300.0 

8,000.0 
800.0 

24,000.0 
2,400.0 

24,000.0 
2,400.0 

132,660.0 
142.3 


Percent. 
88.76 
86.76 


83.78 
83.28 


87.08 


16.42 
38.70 


1,241.0 

133,033.3 

13,303.3 


18.13 


Oranu. 
20,405.0 
8.6 
20,486.6 

2,048.7 

6,702.6 
670.3 

10,987.0 
1,908.8 

20,800.4 
2,069.0 

21,766.0 
66.2 


224.0 

22,046.1 

2,204.6 


10 


10 
10 
10 


Chnme. 

32,000.0 

20.0 

31,980.0 

3,198.0 

4,600.0 
450.0 

13,500.0 
1,360.0 

13,600.0 
1,350.0 

74,005.0 


Percent. 
86.75 
86.75 


00.3 

560.6 

76,333.0 

7,633.4 


83.78 
83.28 


87.06 


20.41 


52.22 
25.78 


Grams. 

27,760.0 

17.4 

27,742.6 

2,774.3 

8,770.2 
377.0 

11,243.2 
1,124.3 

11,756.0 
1,175.6 

16,242.3 


36.2 

146.8 

15,425.3 

1,642.6 


Table  169,— D%ge$tibility  of  rations— Period  II,  1907. 


DlT 

matter. 

Ash. 

Organic 
matter. 

Pro- 
tein. 

Non- 
pro- 
tein. 

Crude 
fiber. 

Nitro- 
gen-free 
extract. 

• 

Ether 
ex- 
tract. 

Total 
nitro- 
gen. 

Carbon. 

dro- 
gen. 

Energy* 

Steer  A. 

Timothy 
hay 

Wheat  bran 

Com  meal.. 

Linseed 
meal 

Chne. 
2,048.7 

670.2 
1,008.8 

2,000.0 

Onu. 

146.1 

47.0 

20.5 

121.4 

Ome, 
2,802.6 

623.2 
1,060.3 

1,068.6 

Ome, 

180.3 

00.6 

206.0 

681.4 

Ome. 
17.6 
20.4 
10.3 

76.0 

0ms. 

010.1 
67.4 
41.2 

184.8 

Ome. 
1,621.0 

418.7 
1,642.5 

067.8 

Ome. 
56.6 
26.1 
80.5 

»138.7 

Ome, 
34.0 
20.2 
34.7 

121.0 

Ome. 

1,384.7 

307.4 

922.3 

1,009.4 

Ome, 

160.3 

40.2 

123.0 

124.3 

Caioriee. 
13,261.8 
3,071.9 
9,049.8 

10,188.1 

Total. 
Feces 

7,707.7 
2,204.6 

344.0 
220.0 

7,363.7 
1,975.6 

1,060.2 
343.8 

124.2 

1,212.6 
656.5 

4,670.0 
027.1 

300.0 
48.2 

210.8 
55.0 

3,623.8 
1,049.3 

456.8 
124.4 

35,571.6 
10,340.7 

Digested 
Percentage 
digestl- 
biflty.... 

5,503.1 
71.40 

115.0 
33.43 

6,388.1 
73.17 

725.4 
67.84 

124.2 
100.00 

556.0 
46.80 

3,742.0 
80.15 

252.7 
83.08 

155.8 
73.01 

2,674.6 
71.04 

332.4 
72.77 

25,230.0 
70.03 

Steer  S, 

Timothy 
hay 

Wheat  bran 

Com  meal.. 

Linseed 
meal 

2,774.3 

377.0 

1,124.3 

1,176.6 

137.6 
26.5 
16.6 

68.3 

2,636.8 

350.5 

1,107.7 

1,107.3 

178.1 

50.0 

117.0 

327.0 

16.6 

11.6 

6.8 

42.7 

854.7 
37.0 
23.2 

108.0 

1,625.1 
235.5 
023.0 

555.6 

52.3 
14.7 
46.3 

»78.0 

32.0 
11.4 
10.5 

68.5 

1,302.8 
172.9 
518.8 

667.8 

150.3 
22.6 
60.2 

60.9 

12,477.4 
1,728.0 
6,000.3 

5,730.7 

Total 
Feces 

5,451.2 
1,542.5 

248.0 
154.4 

5,202.8 
1,388.1 

673.0 
205.1 

76.6 

1,020.7 
450.0 

3,240.1 
685.2 

190.3 
38.8 

131.4 
32.8 

2,5C2.3 
737.5 

321.0 
84.5 

25,026.4 
7,371.1 

Digested... 

djgesti- 
biJity.... 

3,006.7 
71.  TO 

04.6 
37.07 

3,814.2 
73.32 

467.0 
60.63 

76.6 
100.00 

670.7 
65.42 

2,654.0 
78.85 

151.6 
70.61 

98.6 
76.04 

1,824.8 
71.22 

236.5 
73.68 

17,655.3 
70.65 

>  Peroentage  of  ether  extract  aosomed  to  have  been  the  same  as  in  Periodl. 
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Tablb  leO,— Feed  and  excreta— Period  III,  1907, 


Timothy  hay: 

Total 

Uneaten 

Eaten 

Eaten  per  day 

Feces: 

Collected 

SpmedMar.28 

Spilled  Apr.  4 

Induct 

WashlngB  ftrmi  duct. 

Total 

Ezcretkm  per  day . . . 


Num- 
ber of 
days. 


10 


Steer  A. 


Fresh 
weight. 


Chwau. 

34,000.0 

3.7 

83,906.3 

3,300.6 

50,165.0 
64.0 


176.8 

185.0 

50,500.8 

5,069.1 


Dry  matter. 


Percent, 
gr.40 
87.40 


21.97 
48.65 


33.14 
6.04 


Oramt. 

29,745.6 

3.2 

29,742.4 

2,074.2 

11,021.8 
31.1 


58.6 

9.3 

11,120.8 

1,112.1 


Steer  B. 


Num- 
ber of 
days. 


10 


Fresh 
weight. 


Oramt. 

32,000.0 

15.1 

31,984.9 

3,196.5 

47,785.0 


4.2 
73,7 


47,862.9 
4,786.3 


Dry  matter. 


Percent. 
87.49 
87.49 


22.17 


81.60 
33.06 


Oranu. 

27,905.8 

13.2 

27,982.6 

2,798.3 

10,505.8 


3.4 

24.4 


10,623.6 
1,062.4 


Table  161, ^Digestibaity  of  roHoru— Period  HI,  1907. 


Dry 
mat- 
ter. 

Ash. 

Or- 
ganic 
mat- 
ter. 

Pro- 
tein. 

Non- 
£ln. 

Crude 
fiber. 

Nitro- 

ftee  ex- 
tract. 

Ether 

ex- 
tract. 

To- 
tal ni. 
tn>- 
gen. 

Ovbon. 

dro- 
gen. 

Enagy. 

Steer  A. 

Tbnothyhay.... 
Feces 

Onnu. 
2,974.2 
1,112.1 

Omt. 

148.1 

89.3 

Oramt. 
2,826.1 
1,022.8 

Gm*. 
188.3 
111.3 

Omt. 
20.6 

Oma. 
925.3 
341.7 

GraiiM. 

1,630.0 

537.2 

GVM. 

61.9 
32.6 

Gnu. 
34.5 
17.8 

Granu. 

1,395.8 

551.9 

Gnu. 

172.3 

65.4 

Oakriee. 
13,411.6 
5,475.1 

Digested.. 
Percentage    di- 
gestibility .... 

1,862.1 
62.61 

58.8 
39.70 

1,803.3 
63.81 

77.0 
40.89 

20.6 
100.00 

583.6 
63.07 

1,002.8 
67.04 

29.3 
47.33 

16.7 
4A.41 

843.9 
00.46 

106.9 
62.04 

7,836.5 
50.18 

Steer  B. 

Thnothyhay.... 
Feces 

2,796.3 
1,062.4 

130.3 
87.1 

2,659.0 
975.3 

m.2 

101.0 

19.3 

870.6 
312.3 

1,583.6 
529.6 

58.3 
32.4 

32.5 
16.2 

1,313.2 
527.9 

162.1 
60.8 

12,618.4 
6,247.0 

Digested.. 
Feroenti«e    di- 
gestibility... . 

1,735.9 
62.03 

52.2 
37.47 

1,683.7 
63.32 

76.2 
43.00 

19.3 
100.00 

558.3 
64.13 

1,004.0 
65.47 

25.9 
44.43 

16.3 
5a  15 

785.3 
59.80 

101.3 
62.40 

7,371.4 
58.42 

Table  162. —Feed  and  excreta— Period  IV,  1907. 


Timothy  hay: 

Total 

Uneaten 

Eaten 

Eaten  per  day. . . . 
Feces: 

Collected 

Spilled  Apr.  18.... 

Induct 

Total 

Excretion  per  day. 


Num- 
ber of 
days. 


10 


Steer  A. 


Freeh 
weight. 


Grama. 
56,000.0 
5.3 
55.094.7 

6,599.5 

99,655.0 

27.6 

402.5 

100,088.1 

10,006.5 


Dry  matter. 


Percent. 
87.37 
87.37 


18.79 

68.46 

5.09 


Grama. 

48,925.0 

4.6 

48,920.4 

4,802.0 

18,725.2 

18.9 

20.5 

18,764.6 

1,876.5 


Steer  B. 


T 


Num- 
ber of 
days. 


10 


Fresh 
weight. 


Grama. 

53,000.0 

6.3 

53,993.7 

5,399.4 

92,455.0 


18.8 

92,473.8 

9,347.4 


Dry  matter. 


Percent. 
87.37 
87.37 


19.47 


90.46 


Oranu, 

46,304.0 

5.5 

46,296.5 

4,620.9 

18,001.0 


17.0 

18.01S.0 

1,80L8 
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Tablb  163.— DvafiWii^  of  ratwru— Period  IV,  1907. 
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mat- 
ter. 

Ash. 

Or- 
ganic 
mat- 
ter. 

Pro- 
tein. 

Non- 
pro- 
tein. 

Crude 
fiber. 

Nitro- 
gen- 
free  ex- 
tract. 

Ether 
ex- 
tract. 

To- 
tal nl- 
tro- 
gen. 

Carbon. 

dro- 
gen. 

Energy. 

steer  A. 

Timothy  hay.. 
Feces 

Qroma. 
4,882.0 
1,876.9 

(7mf. 
250.2 
154.2 

QrafM. 
4,641.8 
1,724.4 

OfM. 

^.2 
184.4 

Qmt. 
20.7 

GrafiM. 

1,466.6 

548.4 

Qfam». 

2,710.6 

935.5 

(TfM. 

105.7 
54.5 

Gnu. 
58.5 
29.5 

OratM. 

2,303.9 

981.8 

Omt. 
2840 
108.9 

Calories. 
22,115.8 
9,236.8 

Digested... 
Percentage  di- 
gestibility... 

3,015.1 
61.64 

96.0 
38.37 

2,917.4 
62.85 

153.8 
46.48 

20.7 
100.00 

918.2 
62.60 

1,775.1, 
65.49 

51.2 
48.44 

29.0 
49.57 

1,371.7 
89.55 

175.1 
61.66 

12,879.0 
58.23 

auerB. 

Timothy  hay.. 
Feces 

4,829.8 
1,801.8 

236.8 
141.8 

4,393.0 
1,660.0 

320.1 
179.3 

19.6 

1,388.0 
631.7 

2,566.3 
899.8 

100.0 
49.3 

55.4 
28.7 

2,180.0 
889.2 

268.8 
108. 0 

20,930.4 
8,879.1 

Digested... 
Percentage  di- 
gestlbfflty... 

2,828.0 
61.02 

95.0 
40.12 

2,733.0 
62.21 

140.8 
43.99 

19.6 
100.00 

856.3 
61.60 

1,665.5 
64.92 

50.7 
50.70 

26.7 
48.19 

1,290.8 
69.21 

165.8 
61.68 

12,061.8 
57.58 

DIGESTIBILITY  OF  TIMOTHY  HAY   AND  OF  MIXED   GRAIN. 

From  the  data  of  Tables  156-163;  the  average  digestibility  of  the 
timothy  hay  in  Periods  III  and  IV  and  the  percentage  digestibility  of 
the  mixed  grains  in  Periods  I  and  II  are  computed  in  the  two  follow- 
ing tables  in  the  same  manner  as  in  the  previous  years: 

Table  164. — Average  digestibility  of  timothy  hay,  1907. 


Dry 
mat- 
ter. 

Ash. 

Oiw 
ganlc 
mat- 
ter. 

Pro- 
tein. 

Non- 
pro- 
tein. 

Crude 
fiber. 

Nitro- 
gen- 
free  ex- 
traot. 

Ether 
ex- 
tract. 

To. 
tal  ni- 
tro- 
gen. 

Carbon. 

dro- 
gen. 

Eneigy. 

SUerA. 

Fed  in  Period 
in 

Fed  in  Period 
IV 

Oravu. 
2,974.2 

4,892.0 

Gms. 
148.1 

250.2 

Onme. 
2,826.1 

4,641.8 

Gms. 
188.3 

338.2 

Oms. 
20.6 

20.7 

Orams. 
926.3 

1,466.6 

Orttms. 
1,630.0 

2,710.6 

Gms, 
61.9 

105.7 

Gms. 
34.6 

58.6 

Orams. 
1,305.8 

2,303.5 

Gms. 
172.3 

284.0 

Cakries. 
13,411.6 

Total... 

7,866.2 

396.3 

7,467.9 

526.5 

41.3 

2,391.9 

4,340.6 

167.6 

98.0 

3.609.3 

456.3 

35,527.4 

Digested  in 
Periodm... 

Digested  in 
I^riodlV... 

1,802.1 
3,015.1 

58.8 
96.0 

1,808.3 
2,917.4 

77.0 
153.8 

20.6 
20.7 

583.6 
918.2 

1,092.8 
1,775.1 

20.3 
61.2 

16.7 
29.0 

843.9 
1,371.7 

106.9 
175.1 

7,936.5 
12,879.0 

Total... 
Percentage  di- 
gestibility... 

4,877.2 
62.00 

154.8 

38.87 



4,720.7 
63.21 

230.8 
43.84 

41.3 
100.00 

1,501.8 
02.79 

2,867.9 
66.07 

80.5 
48.08 

45.7 
40.14 

2,215.6 
59.89 

282.0 
61.80 

20,815.6 
58.69 

Steer  S. 

Fed  in  Period 
m 

Fed  in  Period 
IV 

2,708.3 
4,629.8 

138.3 
236.8 

2,660.0 
4,393.0 

177.2 
320.1 

19.3 
19.6 

870.6 
1,388.0 

1,633.6 
2,565.3 

68.3 
100.00 

32.5 
55.4 

1,313.2 
2,180.0 

162.1 
268.8 

12,618.4 
20,930.4 

t 

Total... 

7,428.1 

376. 1 

7,052.0 

497.3 

38.9 

2,258.6 

4,098.9 

168.3 

87.9 

3,403.2 

430.9 

33,548.8 

Digested  In 
Period  ra... 

Digested  in 
I%riodIV... 

1,736.9 
2,828.0 

52.2 
95.0 

1,683.7 
2,783.0 

76.2 
140.8 

19.3 
19.6 

558.3 
856.3 

1,004.0 
1,665.5 

25.9 
50.7 

16.3 
26.7 

786.3 
1,290.8 

101.3 
165.8 

7,371.4  . 
12,061.8 

Total... 
Feromtagf  di- 

4,563.9 
61.44 

147.2 
39.14 

4,416.7 
62.  a3 

217.0 
43.64 

38.9 
100.00 

1,414.6 
62.63 

2,669.5 
65.13 

76.6 
48.39 

43.0 

48.92 

2,076.1 
59.43 

267.1 
61.90 

19,422.7 

gestibility... 

57.89 
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Table  165. — CompiUed  digatibility  of  mixed  pnitn,  19(n. 


• 

matter. 

Ash. 

Organic 
matter. 

Pro- 
tein. 

Non- 
pro- 
tein. 

Crude 
fiber. 

Nitro- 

Dee 
extract 

Ether 
ex- 
tract. 

To- 
tal nl- 

tro- 
gen. 

Gartxm. 

dio- 
gen. 

Eneigjp. 

steer  A. 

Period  I: 
Total  di- 
gested.... 
Computed  ' 
df0>ntlble 
in  nay... 

Oranu. 
3,884.9 

1,819.6 

Ontt. 
80.2 

56.8 

(Tranw. 
3,804.7 

1,762.9 

Chm. 
353.9 

88.1 

Ontt. 
57.5 

12.6 

584.1 
570.0 

Orami. 
2,176.8 

1,058.9 

Ovu. 
182.2 

81.1 

Oma, 
75.3 

17.1 

Onnu. 
1,569.6 

822.5 

Oma. 
2040 

1048 

CtioritM. 
15,126l1 

7,728.7 

Digested 
nom 
grain... 
Total   in 

grain 

Percentage 
digesti- 
bility.... 

l,JiA6.3 
1,906.2 

78.41 

23.4 
83.8 

27.92 

1,541.8 
1,912.4 

80.62 

265.8 
350.8 

73.87 

44.9 
44.9 

loaoo 

14.1 
12&2 

11.26 

1,117.9 
1,278.7 

87.42 

lOLl 
103.7 

97.40 

58.2 
73.6 

79.06 

787.1 
036.8 

78.72 

90.2 
122.2 

81.18 

7,809.4 
9,297.7 

79.68 

so:  64 

1 

Period  II: 

Total  di- 
gested  

Computed 
digestible 
innay ... 

6y  503.1 
1,828.2 

115.0 
56.8 

5,388.1 
1,771.5 

72&4 
83.0 

124.2 
17.6 

566.0 
577.1 

3,742.9 
1,071.0 

252.7 
26.7 

15&8 
16.7 

2,674.5 
829.3 

332.4 
1046 

25,280.9 
7,770.1 

Digested 
from 
grain... 
Total  in 

grain 

Peroeniage 
dlgesti- 
binty.... 

3,6749 
4»  750.0 

77.22 

58.2 
197.9 

29.41 

3,616.6 
4,561.1 

79.29 

642.4 
879.9 

73.01 

106.6 
106.6 

100.00 

—21.1 
293.2 

—7.19 

2,671.9 
3,049.0 

87.68 

226.0 
245.8 

92.18 

189.1 
176.8 

78.68 

1,745.2 
2,289.1 

77.94 

227.8 
287.5 

79.28 

17,460.8 
22,300.8 

7&27 

79:30 

SUerB. 

Period  I: 

Total  di- 
gested— 

Computed 
digest- 
ible in 
hay 

2,747.7 
1,606.2 

60.1 
53.7 

2,687.6 
1,648.1 

288.2 
82.5 

43.8 
11.8 

622.6 
-534.8 

1,780.0 
982.0 

94.6 
29.5 

69.7 
16.0 

1,26&2 
767.8 

168.8 
98.8 

12,14&2 
7,181.6 

Digested 
iro  m 
grain... 
Total  in 

grain 

Percentage 
digest- 
Ibifity.... 

1,051.5 
1,307.8 

7&23 

6.4 
58.7 

10.90 

1,044.5 
1,339.1 

78.02 

205.7 
251.9 

81.66 

81.5 
31.5 

100.00 

-12.2 
87.7 

-ia9] 

757.0 
805.4 

84.54 

65.1 
72.6 

89.67 

43.7 
51.4 

85.02 

497.4 
655.6 

75.87 

65.0 
85.5 

76.02 

4,086.7 
6y6ia5 

76l29 

75:76 

Period  H: 
Total  di- 
gested— 
Compute  d 
digest- 
ible in 
hay 

3,908.7 
1,704.5 

94.5 
53.8 

3,814.2 
* 
1,651.4 

467.9 
77.7 

76.6 
16.6 

670.7 
541.6 

2,554.9 
993.8 

151.5 
25.8 

96.6 
15.7 

1,8248 
7748 

286.5 
98.8 

17,655.8 
7,223.2 

Dieested 
from 
grain... 
Total  in 

grain 

Percentage 
dlgest- 
Ibiflty.... 

2,204.2 
2,676.9 

82.84 

40.7 
111.4 

8&64 

2,162.8 
2,565.5 

84.30 

390.2 
494.9 

78.84 

60.0 
60.0 

100.00 

29.1 
16&0 

17.64 

1,561.6 
1,71&0 

9t06 

126.2 
188.0 

91.45 

82.9 
99.4 

88.40 

1,060.5 
1,259.5 

88.41 

137.7 
161.7 

85.16 

10,432.1 
12,640.0 

88.18 

84: 61 

1 
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UBINABY  EXCRETION. 

The  urine  was  collected;  sampled,  and  analyzed  as  in  the  experi- 
ments of  1906,  including  daily  determinations  of  nitrogen.  The 
urinary  excretion  is  tabulated  in  detail  in  Table  IX  of  the  appendix, 
and  the  results  are  summarized  in  the  following  tables  in  the  same 
form  as  in  the  previous  experiments: 

Table  166. — Remits  on  urine  {inehuive  of  wash  wcUer),  1907, 


Weight 

Aver- 
age 
spe- 
cific 

Energy. 

Total  soUds. 

Total 
nitrogen. 

Total  carbon. 

Total 
hydrogen. 

Per 
gram. 

Total. 

Period  I  , 

Steer  A: 

Total  col- 
lected  

Spilled, 
Feb.  7 

Orame. 
42,44a0 

075.0 

1.0446 

Per 

cent. 

ia384 

&464 

Ormne, 
4,407.0 

63.3 

Per 

cent. 
1.682 

.886 

Cframa. 
713.84 

&63 

Per 

cent. 
2.786 

11.466 

GffSflu. 
1,182.38 

14.20 

Per 
cent. 
0.381 

1.200 

Ovu. 
161.70 

1.05 

Calo- 

riee. 

a  2814 

1.1481 

OOo- 

Tie*. 

11,042.6 

144.4 

TotaL 

43,41&0 
4,841.6 

4,46a3 
446.0 

722.47 
72.26 

1,106.67 
110.67 

163.65 
16.37 

12,087.0 

Daily  aver- 
age    (10 
days) 

1,208.7 

Steer  B: 

Total  col- 
lected  

Spilled, 
Feb.  16.... 

32,000.0 
1,120.7 

1.0601 

12,366 
2.867 

3,060.2 
32.1 

1.820 
.422 

582.76 
4.73 

3.360 
1.770 

1,076.87 
8.73 

.466 
1.108 

140.21 
1.21 

.8411 
1.0701 

10,022.0 
88.6 

Total 

33, 14a  7 
3,314.1 

3,001.3 
800.1 

587.40 
68.75 

1,084.60 
108.46 

150.42 
16.04 

11,010.6 

Daily  aver* 
age    (10 
days) 

1, 101. 1 

Period  II. 

Steer  A: 

Total  col- 
lected  

Skilled, 

81,080.0 
27a4 

L0822 

0.483 
11.140 

7,648.6 
30.2 

1.847 
2.183 

1,406.62 
6.00 

2.320 
12.753 

1,887.10 
7.44 

.410 
1.405 

330.52 
1.34 

.2415 
.2854 

10,568.7 
77.2 

TotaL 

81,300.4 
8,130.0 

7,673.80 
767.4 

1,502.52 
150.25 

1,804.63 
180.46 

340.86 
34.00 

10,64&0 

Daily  avei^ 
age  (10 
days) 

1,064.6 

Steer  B: 

Total  col- 
lected  

Spilled, 
Kar.  10.... 

Spilled, 
1^.15.... 

Spilled, 
11^.  16.... 

37,786.0 
260.6 
102.2 
178.2 

1.0618 

13.802 

12.602 

7.307 

1.068 

5^060.2 

84.0 

7.5 

1.8 

2.201 

2.156 

1.250 

.181 

865.65 

6.81 

1.28 

.31 

3.774 
13.552 
12.060 

1.208 

1,426.01 

0.58 

2.10 

.62 

.677 

.543 

.315 

1.046 

218.08 

1.47 

.32 

.08 

.8844 
.3617 
.2007 
.0304 

14,524.0 

07.6 

21.4 

5.8 

Total. 

38,830.0 
3,833.0 

5,103.6 
5ia4 

873.06 
87.31 

1,43&21 
143.82 

210.80 
21.00 

14,64&8 

Daily  aver- 
a«e 

1,464.9 

Period  m. 

Steer  A: 

Total  col- 
lected  

Daily  ayer- 

days) 

00,086.0 
6>670.66 

LttOU 

6.710 

4,088.4 
447.6 

.400 

208.85 
82.65 

1.176 

70i6.01 
78.45 

.182 

100.26 
12.14 

.1100 

6,657.0 
780.8 

i  A— miuwi  to  be  proportional  to  nitrogen  content. 
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Tablx  166. — Rendu  on  wine  (inehmve  <^  waeh  water),  1907 — Continaed. 


Weight. 

Aver- 
age 

Energy. 

Total  aoUda. 

Total 
nitrogn. 

Total  carbon. 

Total 
hydiocen. 

Per 

gram. 

TotaL 

Period ///-Con. 

Steer  B: 

Total  col- 
lected  

Spilled, 
Mar.  28.... 

Spilled, 
lfatf.28>... 

Orame, 
39,10&0 

1RR.8 

50. 0 

1.0805 

Per 
cent. 
9.265 

1.866 

11.679 

Grume. 
3,631.4 

3.5 

5.8 

Per 
cent. 
.725 

.146 

.914 

Orume, 
284.00 

.28 

.46 

Per 
cent. 
1.982 

1.38G 

2.486 

Orame. 
757.36 

.73 

1.22 

Per 
cent. 
.285 

1.067 

1.S5B 

Ome. 
111.71 

.11 

.18 

CUo-     CUo- 
riet.      riee. 
.1800  7,380.8 

».0575          7.1 

.2845        11.7 

Total 

39,433.8 
3,943.4 

3,640.7 
864.1 

284.74 
2&47 

769.30 
75.92 

113.00 
11.20 

7,309.1 

Dally  avei^ 
age  (10 
days) 

7300 



Period  IV, 

Steer  A: 

Total  col- 
lected  

Spilled, 
Apr.  11.... 

61,415.0 
226i5 

1.0354 

8.240 
1.390 

5,000.6 
8.2 

.466 
.079 

286.19 
.18 

1.757 
1.296 

1,079.06 
.67 

.239 
1.041 

146.78 
.09 

.1605 
I.0S72 

9,887.1 
6.2 

Total 

61,641.5 
6.164.2 

5,068.8 
506.4 

286.37 
28.64 

1,079.73 
107.97 

146.87 

9,888.3 
9B&8 

Daily  aver- 
age  (10 
days) 

14.69 



Steer  B: 

Total  col- 
lected  

Daily  aver- 

days) 

56,225.0 
6,136.1 

1.0410 

8.434 

4,667.7 
517.6 

.447 

246.86 

27.4a 

1.707 

942.69 
104.74 

.236 

130.33 
14.48 

.1601 

8,841.5 
982.4 

>  AflRUDed  to  be  proportional  to  nitroj 
Table  167.^Average 

gen  content.                                  t  Estimated. 
daily  excretion  in  tarine,  1907, 

Nitrogen. 

Carbon. 

Eneffy. 

Peilod. 

Total. 

Per  gram 
carbon. 

Steer  A, 
I 

dfSIIW. 

72.25 

150.25 

83.65 

28.64 

58.75 
87.31 
28.47 
27.43 

Ormne, 

119.67 

189.46 

78.45 

107.97 

108.46 

143.82 

75.02 

104.74 

QOortee. 

1,206.7 

1,964.6 

739.8 

986.3 

1,101.1 

1,464.9 

730.9 

082.4 

IQlIO 

11 

10lS7 

m 

9.43 

IV 

9.13 

steer  B. 
I 

10l15 

II 

IflLlQ 

m 

9.63 

IV 

Q.3fl 

1 

1 
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PBODUCnON  OF  BPIDBBMAL  TIS8UB. 

Steer  A  was  clipped  on  January  7  before  beginning  the  experi- 
ments and  at  their  close  on  May  7,  and  steer  B  on  January  8  and 
May  6.  The  brusbings  of  the  animals  were  collected  as  in  the  previous 
year.  The  results  of  these  determinations  are  contained  in  the 
following  tables: 

Table  168. — Weights  and  eomposxtion  ofbruskingafor  the  two  days  in  the  edlonmeter,  19C7. 


Steer  A. 

Steer  B. 

Compooeiits  aod 
energy. 

Period 
I. 

Period 
II. 

Period 
TIT. 

Period 
IV. 

Period 
I. 

Period 

n. 

Period 

m. 

Period 
IV. 

Wel^t grama.. 

Dry  matter.peroent. . 
Weight  of  dry  mat- 
ter  grams. . 

35.1 
05.647 

33.57 

5.408 
1.82 

39.063 
13.12 

4.833 
1.63 

4.4308 

148.7 

82.7 
03.001 

58.03 

5.308 
3.13 

40.412 
23.81 

5.244 
3.00 

4.5842 
270.3 

30.6 
0a062 

36.02 

5.446 
1.06 

41.584 
14.06 

5.340 
1.02 

4.5051 
165.6 

42.3 
04.382 

30.02 

6.643 
2.65 

41.084 
16.76 

5.457 
2.18 

4.7303 
180.2 

45.0 
85.875 

30.42 

4.060 
1.60 

37.156 
14.66 

4.677 
1.84 

4.2212 
166.4 

52.7 
06.128 

5a  66 

5.107 
2.63 

40.355 
20.44 

5.213 
2.64 

4.6406 
230.5 

30.7 
04.766 

37.62 

6.347 
2.30 

41.120 
16.47 

6.335 
2.01 

4.6251 
174.0 

Lost 

In  dry  matter: 
Nitrogen- 
Percentage 

Wei^t  ..grams.. 

Carbon— 
Peroentage 

Welfilit  ..grams.. 

Hydrogen- 
Percentage 

Weight  ..grams.. 

Total do...- 

Table  168. — Weights  and  composition  of  hair,  1907, 


Components  and  energy. 


Number  of  days. 

Weight grams 

Dry  matter percent 

Dry  matter grams 

Dally  average do.. 

In  dry  matter: 
Nitrogen— 

Percentage 

Weight. grams 

Daily  average do.. 

Carbon— 

Percentage 

Weight grams 

Daily  average do.. 

Hydrogen- 
Percentage 

Weight grams. 

Dally  average do.., 

Knergy^ 

Pa*  gram calories, 

Total do... 

Dally  average do.., 


Steer  B. 


118 
607 
83.437 
606.46 
4.20 


14.624 
74.06 
.63 

48.167 
243.00 
2.07 

6.280 
31.81 
.270 

5.2908 

2,683.0 
22.7 


Table  170. — Average  daily  production  of  epidermal  tissue,  19€7, 


Oomponents  and  enefgy. 


Dry  matter grams. 

Ni&ogen. do... 

Garbon do... 

Hydrogen do... 

Bneigy oaloiies. 


Steer  A. 


26^15 

1.90 

11.02 

1.40 

123.0 


Steer  B. 


25.58 

1.74 

ia60 

1.36 

117.0 
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DBTESHINATIOK  OF  BEBPIRATOBT  PBODU0T8. 

The  respiratory  products  were  determined  upon  two  consecutive 
days  of  each  period  as  in  the  previous  year  with  the  results  shown  in 
Table  172.  In  the  combustible  gases  given  off  by  the  animals  the 
ratio  of  hydrogen  to  carbon  was  as  follows: 

Table  171. — Ratio  of  hydrogen  to  carbon  in  eomJlnutible  ffa$es,  1907. 


Periods. 

Steer 
A,  1: 

Steer 
B.l: 

I                      

3.114 
8.059 
8.168 
8.121 

3.110 

11             

3.076 

Ill                      

3.158 

TV                                   

3.106 

Tablb  172. 

— Carbon  and  hydrog 

en  in  gaseous  excreta. 

1907. 

In  COt  and  HsO. 

In  hydrocarbons. 

CH4 

computed 

firomC. 

H:Cln 
hydrocar- 
bon. 

Carbon. 

Hydrogen. 

Carbon. 

Hydrogen. 

Period  I. 

Steer  A,  Feb.  6  and  7: 

SubDerlod  1 

Gram*. 
502.65 
502.06 

Oramt. 
200.21 
200.61 

(Tranw. 
52.27 
5a  82 

Orami. 
1&62 
16.42 

QratM. 
00.83 
67.90 

1: 

3.145 

Subperlod  2 

8.005 

Ftrst  day 

1,184.71 

400.82 

108.00 

33.04 

137.73 

3.120 

BabDeriod  3 

694.71 
69&10 

223.66 
211.00 

52.64 
51.64 

16.80 
16.66 

70.33 
6&99 

3.117 

BnbDeriod  4 

3.100 

BMond  dftv 

1,180.81 

435.65 

104.28 

33.66 

139.32 

3.106 

Average 

1,187.26 

4ia24 

103.60 

83.80 

13&53 

3.U4 

Steer  B,  Feb.  13  and  14: 

Subperlod  1 

630.04 
643.22 

204.44 
207.00 

45.44 

4&26 

14.31 
14.83 

60.71 
60.47 

3.175 

Subperlod  2 

3.053 

First  day 

1,073.26 

411.63 

90.70 

29.14 

121.18 

8.113 

Subperlod  8 

620.31 
537.34 

205.42 
203.22 

43.96 
46^02 

14.19 
14.76 

58.74 
61.48 

3.008 

Subperlod  4 

3.118 

Second  day 

1,066.65 

40&64 

cW.  WJ 

28.95 

120.22 

3.106 

Average. ................ 

1,060.96 

410.09 

00.34 

29.05 

12a  70 

3.110 

Period  II. 

Steer  A,  Mar.  6  and  7: 

Subperlod  1 

840.05 
868.33 

388.91 
403.48 

77.07 
77.62 

25.01 
25l51 

102.06 
103.70 

3.082 

Subperlod  2 

3.043 

First  day 

1,706.38 

792.30 

154.60 

5aS2 

206.66 

3.062 

Subperlod  3 

862.26 
847.76 

414.33 
373.35 

74.11 
72.61 

24.26 
23.72 

99.01 
96.88 

3.055 

Subperlod  4 

3.057 

Second  day 

1,710.02 

787.68 

146.62 

47.08 

105.89 

8.066 

1,709.20 

790.04 

150.66 

49.25 

201.28 

3.0S9 

Steer  B,  liar.  13  and  14: 

Subperlod  1 

667.47 
609.19 

34&12 
333.21 

58.58 
50.08 

■ 

19.00 
10.20 

•     78.26 
78.04 

3.063 

Subperlod  2 

3.077 

First  day 

1,326.66 

678.83 

117.66 

38.20 

li^.20 

3.060 

Subperlod  3 

660.77 
684.48 

850.64 
848.57 

50.02 
58.66 

19.20 
10.01 

78.86 
7&87 

3.060 

Subperlod  4 

3.086 

Second  day 

1,34&25 

700.21 

117.68 

38.80 

157.23 

3  073 

Avef&86«a  ■ 

1,335.96 

603.77 

117.67 

38.25 

167.22 

S.  07S 
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Period. 

InCOtandHiO. 

In  hydiooarboDs. 

CH4 

oomputed 

fromC. 

H:Cln 

bydrocar- 

bon. 

Oarbon. 

Hydrogen. 

Oarbon. 

Hydrogen. 

Period  m. 

Steer  A,  Mar.  27  and  28: 

Subperlod  1 

Orams. 
425.79 
42&fl2 

Oram. 
169.27 
167.15 

Onme. 

aa86 

80.62 

GraiM. 
9.61 
a  80 

Orame. 
4a  56 

40.78 

l: 
8.168 

8ubperlod2 

3.114 

First  day 

861.81 

826.42 

60.87 

19.41 

81.88 

8.186 

Sabperiod  8 

417.80 
418.90 

159.66 
159.19 

81.62 
8a40 

9.89 
9.60 

42.26 
4D.Q2 

8.197 

Subperlod  4 

3.200 

Second  day 

836.70 

818.85 

62.02 

19.89 

82.87 

8.199 

Average 

844.01 

322.64 

61.46 

19.40 

82.10 

8.168 

Steer  B»  Apr.  3  and  4: 

Subpenodl 

422.02 
42a  29 

198.60 
19L17 

29.43 
29.78 

9.21 
9.64 

39.82 
39.79 

a  196 

Subperlod  2 

ao89 

First  day 

842.91 

889.77 

59.21 

1&86 

79.11 

a  141 

Subperlod  3 

414.63 
417.03 

199.87 
19a  63 

29.64 
29.68 

9.22 
9.46 

80.60 
39.66 

8.215 

Subperlod  4 

8.137 

Seoond  day 

831.66 

389.90 

59.82 

1&68 

79.26 

a  176 

Average**.. ....... m^... 

837.29 

389.84 

59.27 

1&77 

79.19 

8.168 

Period  IV. 

Steer  A,  Apr.  17  and  18: 

Sabpenod  l 

547.94 
66496 

222.84 
216.46 

49.22 

4&84 

15.51 
ia76 

65.76 
6a  26 

8.178 

Subperlod  2 

3.099 

First  day 

1,102.89 

43&80 

98.06 

81.27 

181.02 

8.136 

Subperlod  8.'. 

566.81 
662.24 

229.72 
22L33 

49.81 
4&61 

ia8i 

ia68 

6a  88 
64.81 

8.119 

Subperlod  4 

8.094 

Second  day 

l,lb&66 

461.05 

97.82 

81.49 

130.60 

a  106 

Average 

1,10&72 

444.68 

97.94 

81.88 

180.86 

a  121 

Steer  B,  Apr.  24  and  26: 

Subpenod  1 

533.21 
641.61 

261.06 
237.25 

4a  82 
4a  21 

14.84 

laio 

61.89 
61.74 

ai2i 

Subperlod  2 

8.000 

First  day 

1,074.72 

48&83 

92.68 

29.94 

128.63 

a  001 

Subperlod  8 

531.81 
638.96 

271.22 
28a  41 

46.00 
4a  63 

14.42 
14.94 

60.12 
62.80 

8.121 

Subperlod  4 

8.121 

Seoond  day 

1,070.77 

561.68 

91.63 

29.36 

122.42 

a  121 

Average 

1,072.76 

519.96 

92.06 

29.65 

123.03 

8.106 

THE  BALANOB  OF  MATTEB. 


From  the  data  contained  in  the  foregoing  pages  the  following 
balances  have  been  computed  in  the  same  manner  as  in  the  previous 
experiments. 
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Table  173. — The  halafue  of  matter  per  dag  and  head,  1907, 


Fttiiods  and  oompo- 

matter. 

Water. 

Mitncen. 

Carbon. 

nents. 

Income. 

Outso. 

looome. 

OntfD. 

Inoome. 

Outgo. 

Income. 

Outgo. 

Period  L 

Steer  A: 

Timothy  hay 

Wheat  bnn 

Com  meal 

Unseed  meal 

Water 

Oramt. 

2,034.9 
284.7 
837.1 
874.4 

Qramt. 
183 

327 

12,686 

Oreme. 

Grmma, 

34.8 

8.6 

14.4 

60.6 

Oraflw. 

GrstM. 

1,378.3 
130.1 
388.1 
418.1 

Gmu. 

Qrawu, 

U0.6 

17.0 

62.3 

62.0 

Graaw. 

Feed  reiildueB... . 

130 

7,306 

1^,163 

8,764 

Feces 

1,646.2 
446.0 

26.2 

138.6 

4,353.7 

33.1 
72.3 

1.9 

750.0 
110.7 

11.0 

108.7 

1,187.3 

87.7 

Urine 

16.4 

hair    "  . 

1.4 

MMhan^. . . 

•34.6 

Carbon  dloxid... 

Water  vapor 

3,764 

Gain  or  loss  by 
body- 
Piotflln 

6.6 
176.7 

1.1 

3.5 
134.4 

.5 

Fat 

21.1 

Water 

147 
1,170 

Oiganio   hydro- 

130.0 

14,3«S 

14,362 

108.4 

108.4 

2,300.6 

2,300.6 

201.7 

201.7 

BtaarB: 

Tfanotbyhay.... 

Wheat  bran 

Com  meal 

linseed  meal.... 
Water 

2,700.8 
100.7 
686.0 
612.1 

146 

226 

7,176 

32.8 

6.0 

10.0 

36.4 

1,291.9 

91.2 

271.7 

2B2.7 

160.4 
U.0 
36.6 
37.0 

Feed  residues.... 

10 

4,073 

>2,364 

Feces 

1,410.0 
300.1 

26.6 

120.7 

8,023.6 

24.6 
66.8 

1.7 

682.3 
108.6 

10.6 

90.3 

1,070.0 

81.1 

Urine 

16.0 

Braahingi    and 
hair 

» 

1.4 

MHhan«. . , 

30.2 

Carbon  dkndd... 

.. 

Water  THxir. 

3,601 

Gain  or  loss  by 
body- 
pfoteln 

4.8 
15.2 

.8 

2.5 
11.6 

.3 

1.8 

Fat 

Water 

2,407 
1,074 

Organic   hydro- 
ffmoxMfied. 

119.3 

11,028 

11,028 

85.0 

86.0 

1,961.6 

1,961.6 

247.0 

247.0 

Period  IL 

Stser  A: 

Tfanothyhay 

Wheat  bran 

Com  meal 

Linseed  meal 

Water 

2,048.7 

670.2 

1,998.8 

2,000.0 

223 

862 
17,445 

'    ••••••> 

34.0 

20.2 

34.7 

121.9 

1,384.7 
307.4 
022.3 

1,000.4 

160.3 

40.2 

123.0 

124.8 

Feed  residues 

40 

11,306 

7,158 

2,204.6 
767.4 

26.2 

201.3 

6,267.7 

56.0 
150.3 

1.9 

1,040.3 
180.6 

11.0 

150.7 

1,700.2 

134.4 

TTrlne.  ....a... 

34.1 

BmshinES    and 
1mAt~T7.. 

1.4 

Methane 

60.2 

Carbon  dioxld. . . 

Water  y&por 

7,ii6 

Gain  or  loss  by 
body- 
Pioteln 

21.6 
657.3 

8.6 

11.3 
502.8 

1.5 

Fat 

78.0 

Water, 

6,587 
1,497 

Orssnlc  hydro- 
no  oxtdlied... 

166.3 

25,614 

25,614 

210.8      210.8 

8,623.8 

3,623.8 

456.8 

456.8 

1  In  absence  of  dafly  deteiminatiQa  of  nitrogen  the  urlnesoUdsooniputed  in  proportion  toipeciflogravlty. 
•  Computed. 


THE  BALANCE  OF  MATTEB,  1907. 
Table  173. — The  balance  ofmaiUr  per  day  and  heady  1907 — Continued. 
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Periods  and  oompo- 

Dry 

Water. 

Nitrogen. 

Carbon. 

Organic  hydrogen. 

nents. 

Income. 

Outgo. 

Tnoome. 

Outgo. 

Income. 

Outgo. 

Income. 

Outgo. 

Period  //-Contd. 

Steer  B: 

Timothy  hay 

Wheat  bran 

Com  meal 

Linseed  meal — 
Water 

Orame. 
2,774.3 
377.0 
1,124.3 
1,175.6 

Oranu. 
232 

483 

12,846 

Grsmt. 

Oramt, 
32.0 
11.4 
19.6 
68.6 

Oramt. 

Oramt. 

1,302.8 
172.9 
518.8 
567.8 

Oramt. 

Oramt. 

150.3 

22.6 

69.2 

68.9 

Oramt. 

Feces 

1,542.5 
510.4 

26.6 

157.2 

4,889.0 

5,508 
2,976 

32.8 
87.3 

1.7 

737.6 
143.8 

10.6 

117.7 

1,336.0 

84.5 

Urine 

22.0 

Bruahings    and 
hair 

1.4 

MffthftDA  . . 

39.2 

Carbon  dloxid.. . 

Water  vapor 

6,244 

Qatn  or  loss  by 
body- 
Protein  

57.6 
243.8 

9.6 

V 

30.3 
186.5 

4.1 

Fat 

29.3 

Water 

6 

Organic   hydro- 
sen  oxidized... 

1,264 

140.6 

14,824 

14,824 

131.4 

131.4 

2,562.3 

2,562.3 

321.0 

321.0 

Period  IIL 

Steer  A: 

Timothy  hay 

Water 

2,874.2 

223 
8,000 

34.5 

1,395.8 

172.3 

Feed  residues 

23 
3,717 
3,231 

Feces 

1,112.1 
447.6 

26.2 

82.1 

3,006.0 

17.8 
32.7 

1.9 

551.9 
78.5 

11.0 

61.5 

844.0 

66.4 

Urine 

12.1 

BruahingB    and 
hair 

1.4 

Metbmae., 

20.5 

Carbon  dioxid. . . 

Water  Tspor 

2,904 

Gain  or  loss  by 
body- 
Protein 

107.4 
123.  a 

17.9 

56.4 
94.7 

7.7 
14.8 

Fat 

Water 

793 
859 

Organio  hydro- 
sen  oxidiied . . . 

95.4 

9,875 

9,875 

52.4 

52.4 

1,546.9 

1,546.9 

194.8 

194.8 

Steer  B: 

Timothy  hay 

Water 

2,706.3 

210 
10,420 

82.5 

1,313.2 

162.1 

FeoeSa ........... 

1,062.4 
364.1 

25.6 

79.2 

3,070.4 

3,452 
1,731 

16.2 
28.5 

1.7 

527.9 
75.9 

10.5 

59.3 

837.3 

60.8 

Urine 

11.2 

Brushin^s    and 
bfitr 

1.4 

Methane....      , , 

19.8 

Carbon  dloxid . . . 

Water  vanor 

3,509 

Gain  or  loss  by 
body- 
Protein 

83.4 
201.2 

13.9 

43.8 
153.9 

6.0 
24.1 

Fat 

Water 

2,829 

Organic   hydro- 
sen  oxidized . . 

891 

99.0 

11,621 

11.521 

46.4 

46.4 

1,510.9 

1,510.0 

192.2 

192.2 

Period  TV. 

Steer  A: 

Timothy  hay 

Water 

4,692.0 

875 
10,585 

83* 

8,255 
4,865 

58.5 

2,303.5 

284.0 

i 

Feed  residnes. . 

Feces 

1,876.9 
506.4 

36.2 
130.9 

29.5 
28.6 

1.9 

931.8 
106.0 

11.0 
07.9 

106.9 

Urine 

14.7 

Broshinfli    and 

1.4 

Methane 

32.7 

174      INFLUENCE  OF  TYPE  AND  AGE  ON  TJTIUZATION   OF  FEED. 
Table  173. — The  bakofue  o/maUer  per  dojf  and  head,  1907— Continiied. 


Periods  and  oompo- 

Dry 
matter. 

Watw. 

Nitrosen. 

Carbon. 

Orisuiic  hydroem. 

nflnts. 

Income. 

Outeo. 

Income. 

Ontfo. 

Income. 

Ootgo. 

Income. 

Outffo. 

Period  I  V-Canid, 

StMT  A— Gontinnad. 
Carbon  dioxid . . 

Oramt. 
4,054.7 

Oramt. 

Qrmm». 

{TrsflM. 

Orsau. 

Omwu. 

Onmt. 
1,106.7 

(Trsflu. 

Graau. 

4,002 

GaJn  or  loss  by 
body- 

PfntAin 

0.0 
70.3 

1.5 

4.7 

'5i.'8" 

.6 

Fat 

1 ! 

8.4 

Water 

4,678 
1,067 

Orgulo  hydro- 
awn  ttrrMimMut 

118.5 

16,705     16,705 

60.0 

60.0 

2,308.2 

2,306.2 

284.6 

284.6 

BteerB: 

Timothy  hay 

Water 

4,629.8 

837 
13,725 

55.4 

2,180.0 

268.8 

Feces 

1,801.8 
517.5 

25.6 

123.0 

3,933.8 

7,274 
11,930 

28.7 
27.4 

1.7 

880.2 
104.7 

10.5 

02.1 

1,072.8 

103.0 

Urine 

14.5 

Bnuhlngs    and 
hair 

1.4 

Methane 

ao.7 

Carbon  dioxid. . 

Water  vaDor 

4,680 

Gain  or  loss  by 
body- 
Proteln 

14.4 
28.9 

2.4 

7.6 

"ii'i* 

1.0 

Pat 

2.9 

Water 

1,225 

Organic   hydro- 
Mn  oxidised 

1,066 

117.  S 

15,118 

15,118 

57.8 

57.8 

2,187.6 

2,187.6 

269.8 

209.8 

1  Only  1  day;  was  spilled  on  second  day. 
COMPUTED  GAINS   OB  LOSSES  OF  LITE   WEIGHT. 

The  following  tables  show  the  computed  changes  of  live  weight  in 
the  calorimeter  and  the  comparison  of  the  computed  and  observed 
gain  by  the  animals,  computed  in  the  same  manner  as  in  the  experi- 
ments of  1905  and  1906: 


Table  174. — Computed  dady  game  or  losses  of  live  weight 

in  the  ealortmeter. 

19C7. 

Components. 

Period  I. 

Period  II. 

Period  m. 

Period  IV. 

Loss. 

Gain. 

Loss. 

Gain. 

Loss. 

Gahi. 

Loss. 

Gain. 

Steer  A: 

Protein 

Granw. 

• 

Oramt. 
7 
176 

Grsau. 

GrstM. 
22 
657 

GrciiM. 
107 
124 
798 

Oramt. 

Grviat. 
9 

Graau. 

Fat 

70 

Water 

147 

27 
9 

5,587 
54 

4,678 
62 

Correction  for  ir- 
regularity of  ex- 
cretion  

48 
981 

Balance 

4,962 

4,679 

" 

183 

183 

5,641 

5,641 

1,024 

1,024 

4,749 

4,749 

Steer  B: 

Protein 

5 

15 

2,407 

58 

244 

6 

99 

83 

201 

14 

Fat 

24 

Water 

2,829 
38 

1.226 

Correction  for  tr- 
regalarity  of  ex- 

160 
2,267 

12 
1,223 

Balance  u  ,. . 

'  407 

2,583 

m 

2,427 

2,427 

407 

407 

2,867 

2,867 

1,249 

1,249 

HBAT  EMISSION  AND  FBODUCTION,  1907. 
Table  175. — Computed  and  observed  gain  in  live  weight,  1907. 
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Period. 

Computed. 

Observed. 

Period  I: 

Steer  A 

EUot. 

-13.4 

-  1.5 

-  4.6 
3.6 

-11.6 

a9 

KUot, 
—  5.4 

Steer  B 

Period  n; 

Steer  A 

—14.0 

Steer  B 

—  1.2 

Period  lU: 

Steer  A 

—  42 

Steer  B 

4.2 

Period  IV: 

Steer  A 

—13.6 

Steer  B 

0.6 

1  Weights  not  recorded. 
HEAT  EMISSION  AND  HEAT  PEODUCTION. 

The  following  tables  show  the  results  of  the  determinations  of  the 
heat  given  off  by  the  animals  and  likewise  the  heat  production,  com- 
puted by  correcting  for  the  gain  or  loss  of  matter  by  the  body  in  the 
manner  described  in  coimection  with  the  experiments  of  1905: 

Table  176. — Heat  emission,  1907, 


StmrA. 

Steer B. 

Periods. 

^7 
radiation. 

As  latent 
heat  of 
water 
vapor. 

Total. 

By 
radiation. 

As  latent 
beat  of 
water 
vapor. 

Total. 

Period  I. 

First  day— 

Subperiod  1 

Qdoriet. 
3,996.1 
3,853.7 

QOorie*. 
1,057.7 
1,059.8 

Oidori€8. 
5,055.8 
4,913.5 

Caloriet. 
3,678.4 
3,729.3 

Oaloritt. 
1,060.1 
1,094.0 

Oaloriet. 
4,758.5 
4,823.8 

Subperiod  2 

Total 

7,861.8 

2,117.5 

9,969.3 

7,407.7 

2,174.1 

9,581.8 

Second  day— 

Subperiod  3 

4,130.2 
3,947.1 

1,181.6 
1,119.9 

5,311.8 
5,067.0 

3,717.6 
3,710.9 

1,085.3 
1,073.6 

4,802.9 
4,784.5 

Subperiod  4 

Total 

8,077.3 

2,301.5  1      10,378.8 

7,428.5 

2,158.9 

9,587.4 

Dft)iy  i^eragf^ 

7,9646 

2,209.5 

10,174.1 

7,418.1 

2,166.6 

9,584.6 

Period  IT, 

First  day- 

Subperiod  1 

5,021.3 
5,061.0 

2,054.6 
2,131.6 

7,076.9 
7,213.5 

-       - 

4,013.4 
3,815.3 

1,823.2 
1,760.4 

5,836.6 

Subperiod  2 

5,575.7 

Total 

10,103.2 

4,186.2 

14,289.4 

7,828.7 

3,583.6 

11,412.3 

Second  day— 

Subnoiod  3 

5,351.9 
4,091.4 

2,188.9 
1,972.4 

7,540.8 
6,663.8 

3,957.5 
3,918.4 

1,809.9 
1,846.8 

5,857.4 

Subperiod  4 

5,765.2 

Total 

10,043.3 

4,161.8 

14,204.6 

7,875.9 

3,746.7 

11,622.6 

I>Al1y  Av^tnun 

10,073.3 

4,173.8 

14,247.0 

7,852.3 

3,665.2 

11,517.5 

Period  III. 

First  day— 

Subperiod  1 

3,145.0 
2,944.0 

8913 
830.2 

4,039.3 
3,774.2 

2,940.2 
2,857.5 

■      1,049.2 
1,010.0 

3,989.4 

Sut^eriod2 

3,867.5 

Total 

6,069.0 

1,724.5 

7,813.5 

5,797.7 

2,050.2 

7,856.9 

176      INFLUENCE  OF  TYPE  AND  AGE  ON  tTTIIilZATION   OF  FEED. 


Tablb  176. — Heat  «immon,  1907— 0)ntmued. 


Steer  A. 

Steer  B. 

Periods. 

radiation. 

As  latent 

btatof 

water 

vi^r. 

TotaL 

radJaLn. 

As  latent 
beat  of 
water 
vapor. 

TotaL 

Period  ///-Contlnned. 

Second  day— 

Bubperlod  3 

CUoriea. 
3,06&5 
2,907.6 

Oaloriet, 
843.5 
841.0 

QOoria. 
3,030.0 
3,838.6 

CUoriet. 
2,899.0 
2,866.3 

Cbtorin. 
1,063.3 
1,006.5 

OOork*. 
8,K2l3 
S,872L8 

Subperiod  4 

Total 

6,084.1 

1,684.5 

7,768.6 

5,765.3 

2,069.8 

7,825l1 

Dally  ayerage 

6,086.6          1,704.5 

7,791.1 

5,781.5 

2,069.5  {          7,841.0 

Period  IV. 

First  day— 

Subperiod  1 

3,573.2 
3,638.3 

1,177.3 
1,138.3 

4, 75a  5 
4»776.6 

3,461.4 
3,337.7 

1,326l5 
1,253.3 

4,787.9 
4,50L0 

Subperiod  2 

Total 

7,211.5 

2,315.6 

9,627.1 

6,799.1 

2,579.8 

9,378.9 

Second  day— 

Subptflod  3 

3,774.3 
3,490.9 

1,213.6 
1,169.3 

4,987.9 
4,600.2 

3, 32a  9 
3,190.9 

1,432.9 
1,481.4 

4,758.8 
4,672.3 

Sul^eriod4 

Total 

7,266.2 

2,382.9 

9,64&1 

6,511.8 

2,914.3 

9,4a&l 

Daily  average 

7,23&3 

2,34913 

9,587.6 

6,655.4 

2,747.1 

9,402.5 

Tablb  177. — Average  heal  production^  1907, 


steer  A. 

StevB. 

Periods. 

Heat 

Correction 

for  gain 

by  body. 

Heat 
production. 

Heat 

for  gain 
by  body. 

Heat 
piodactiaii. 

I 

(MariM, 

10,174.1 

14,247.0 

7,791.1 

9,587.6 

Odoriet. 

-  a6 

-107.5 

-  18.2 

-  96.0 

Colariet, 

10,173.5 

14,139.5 

7,772.9 

9,492.6 

(Morie*. 
9,584.6 

11,517,5 
7,841.0 
9,402.5 

Cblorfet. 

-4&0 

3.8 

54.0 

25.5 

CkloHcs. 

0,536l0 

11,52L3 

7,895.0 

9,428.0 

n 

ni 

IV 

THE  BALANCE  OF  ENEBGT. 

The  energy  balances,  computed  on  the  same  basis  as  in  the  experi- 
ments of  the  previous  two  years,  are  as  follows: 

Tablb  178.-7^  balance  of  energy  per  day  and  head,  1907, 


Steer  A. 

Steer  B. 

Periods  and  components. 

Dry 
matter. 

Energy. 

Dry 
matter. 

Energy. 

Income. 

Oatgo. 

Tnoome. 

Outgo. 

P«iaf /. 
Timothy  hay 

GroTiM. 

2,934.9 
284.7 
837.1 
874.4 

1,546.2 
446.0 
138.5 

13,187.7 
1,303.6 
3.796.1 
4,198.0 

CakititM. 

(TrotiM. 

2,760.8 
199.7 
566lO 
612.1 

l,4ia9 
399.1 
12a  7 

(MarUo, 

12,405.4 

014.4 

2,657.4 

2,938.7 

O^UMO. 

Wheat  bran 

Com  meal 

Linseed  meal 

Feces 

7,859.3 

1,216.9 

1,84&2 

12,061.0 

6,767.7 
1,00&1 
1  SIfLA 

Urine  (corrected  for  nitrogen) 

Methane 

MetabollEable 

9,442.5 

Total 

22,486.4 

22,485l4 

18,91&9 

18,91&9 

THE  BAIANCE  OF  ENEBOY,  1901. 
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Table  178. — The  balance  of  energy  per  day  and  head,  1907 — Continued. 


Steer  A. 

Steer  B. 

Periods  and  oomponents. 

Dry 

matter. 

Energy. 

Dry 
matter. 

Energy. 

Income. 

Outgo. 

Income. 

Outgo. 

Period  /—Continued. 
Metabolisable 

Oramf. 

Calories. 
12,061.0 

Calories. 

Oranu, 

CbforiM. 
9,442.5 

Calories. 

Heat 

10,173.6 
123.0 

29.4 

1,660.1 

66.0 

9,536.0 
117.9 

Pmshlnfj". .  -      

26.2 

6.6 

176.7 

26.6 

4.8 
15.2 

Gain  or  loss  by  body: 

Protein  (corrected for  nitrogen) 

21.4 

144.4 
4&6 

Fat 

Error 

Total 

12,061.0 

12,061.0 

9,653.9 

9,653.9 

Period  II. 
Timothy  hay 

2,948.7 
670.2 
1,998.8 
2.090.0 
2,204.6 
764.4 

13,261.8 
3,071.9 
9,049.8 

10, 188. 1 

2,774.3 

377.0 

1,124.3 

1,176.6 

1,642.6 

610.4 

157.2 

12,477.4 
1,728.0 
6,090.3 
6,730.7 

Wheat  bran 

Com  meal 

Linseed  meal 

Feces 

10,340.7 
1,991.4 
2,686.2 

20,653.3 

7,371.1 
1,636.4 

Urine  (corrected  for  nitrogen) 

Methane 

2,097.8 

Metabollzable 

14,021.1 

<k 

Total 

36,671.6 

35,671.6 

25,026.4 

25,026.4 



Metabolisable 

20,553.3 

14,021.1 

Heat 

14,139.6 
123.0 

96.3 
6,244.2 

11,621.3 
117.9 

Brushing 

2a2 

21.6 
667.3 

26.6 

67.6 
243.8 

Gain  or  loss  by  body: 

256.8 

Fat 

2,316.2 

49.7 

191.1 

Total 

20,603.0 

20,603.0 

14,212.2 

14,212.2 

Period  III. 

2,974.2 

1,112.1 

447.6 

82.1 

13,411.6 

2.798.3 

1,062.4 

364.1 

79.2 

12,618.4 

Feces.-'....! 

6,476.1 

606.4 

1,095.6 

6,234.6 

5,247.0 
627.3 

Methane 

1,056.8 
5,687.3 

MetaboUsable 

Total 

13,411.6 

13.411.6 

12,618.4 

12,618.4 

Metabolixable 

6,234.5 

Heat 

7,772.9 
123.0 

6,687.3 

7,895.0 
117.9 

Brushlngs 

26.2 

107.4 
123.8 

26.6 

83.4 
201.2 

Lossby  DodT: 

Protein  (corrected  for  nitrogen) 

478.8 

1,176.0 

&6 

371.7 

1,911.4 

42.6 

Fat 

Error 

Total 

7,895.9 

7,896.9 

8,012.9 

8,012.9 

Timothy  hay 

4,892.0 

1,876.9 

606.4 

130.9 

22,116.8 

4,629.8 

1,801.8 

617.6 

123.0 

20,930.4 

Feces • 

9,236.8 

976.1 

1,746.7 

10,167.2 

8,879.1 
964.6 

Methane 

1,641.3 

Metabolisable 

9,446.6 

Total 

22,116.8 

22,115.8 

20,930.4 

20,930.4 

Metabollzable 

10,167.2 

9,446.6 

Heat 

9,492.6 
123.0 

9,428.0 

Brushings 

26.2 

9.0 
70.3 

26.6 

14.4 
23.9 

117.9 

Gain  or  loss  by  body: 

Protein  (corrected  for  nitrogen) 

40.1 

64.1 

Fat 

667.8 

227.1 

86.1 

263.4 

Total 

10,283.4 

10,283.4 

9,773.0 

9,773.0 
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In  general,  there  is  an  excellent  agreement  between  the  obserred 
heat  production  and  that  computed  from  the  carbon  and  nitrogen 
balance  in  the  customary  way,  the  principal  exception  being  with 
Steer  Bin  Period  IV. 

Table  179. — Obaerved  and  computed  heat  production^  19(J7. 


• 

Steer  A. 

fttm^rB. 

Periods. 

Observed. 

Compated. 

Error. 

Compated 
•f-observed. 

Obeerved. 

Computed. 

Error. 

Compated 
■4-obeoivcd. 

I 

Oakniee. 

10,173.5 

14,139.5 

7,772.9 

9,492.6 

Oaleriet. 

10,239.5 

14,089.8 

7,766.3 

9,406.5 

OaJoriei. 
+66.0 
-49.7 
-  &6 
-86.1 

PereetU. 

ioa6 

99.6 
99.9 
99.1 

CUoriet. 

9,53&0 

11,521.3 

7,80SlO 

9,428.0 

Oetariee. 

9,490.4 

11,33a  2 

7.852.5 

9,164.6 

CUorle*. 

-  45l6 
-191. 1 

-  4Z5 
-263.4 

Perefltf. 

90.5 

U 

ni 

IV 

9&3 
99.5 
97.2 

METABOLIZABLE   ENERGY. 


The  results  for  the  metabohzable  energy  of  the  timothy  hay  and  of 
the  mixed  grain  are  contained  in  the  following  tables,  being  stated  in 
the  same  form  as  in  the  experiments  of  the  two  previous  years. 

Tablb  180. — Percentage  distribtUion  of  energy  of  timothy  hay,  1907. 


Total  enexgy. 

EnpJTT  of  digested  matter. 

Period  111. 

Period  IV. 

True 
ayersge* 

Period  in. 

Period  IV. 

Tmn 
aTeraee. 

Steer  A. 
In  feces 

Percent. 

40.82 

4.62 

&17 

46.49 

Percent. 

41.77 
4.40 
7.90 

4&93 

Percenl. 

41.41 
4.45 
8.00 

4&14 

Pereenl. 

Percent. 

Percent. 

In  iirlne 

7.64 
13.81 
78.55 

7.66 
13.57 
78.87 

7  GO 

Jn  ^nthttn<t    .             

13.65 

Metabollsable 

78.75 

100.00 

100.00 

loaoo 

loaoo 

100.00 

loaoo 

8Uer  B. 
In  feces 

41.58 
4.97 
&38 

45.07 

42.42 
4.61 
7.84 

45.13 

42.11 

4.74 

&04 

46ill 

In  urine 

&51 
14.34 

n.i5 

8.01 
13.61 
78.38 

&19 

In  mAttiMie. 

13  89 

Metabollsable 

77.92 

100.00 

100.00 

100.00 

100.00 

loaoo 

Ida  00 

Table  181. — M^tabolizable  energy  per  gram  of  organic  matter  of  timothy  hay,  1907. 


Organic  matter. 

Metabollsable  energy. 

Period. 

Total. 

Digested. 

Total. 

Per  gram 
total  organ- 
ic matter. 

Pergrem 
digested 
organic 
matter. 

'  8Uer  A. 

ni 

QfHTM. 

2,826.1 
4,641.8 

QraiM. 
1,803.3 
2,917.4 

Cniarlee. 
6,234.5 
10,157.2 

Oitoriet. 
2.206 
2.188 

OJoriet. 

3.4S7 

IV 

3.482 

Totals  and  averages 

7,467.9 

4,720.7 

16,391.7 

2.195 

3.472 

Steer  B. 
m 

2,650.0 
4,393.0 

1,683.7 
2,733.0 

5,687.3 
9,445.5 

2.139 
2.160 

2L37R 

IV 

3.466 

Totals  and  averages. 

7,062.0 

4,416.7 

15.132.8 

1.146 

3.426 

V 
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Table  182. — Percentage  dUtribuiion  of  energy  of  mixed  graxM^  IW!. 


8UerA. 
Period  I: 

In  total  ration... 
In  hay 


Ingrain 

Per  oen  t  of  total  energy 

Per  cent  of  digested  energy 


Pertodll: 

In  total  ration. 
Inliay 


Ingrain 

Percent  of  total  energy 

Per  cent  of  digested  energy. 

SteerB. 
Period  I: 

In  total  ration 

In  bay 


In  grain 

Per  cent  of  total  energy 

Per  cent  of  digested  energy. 


Period  11: 

In  total  ration. 
In  hay 


Ingrain 

Per  cent  of  total  energy 

Per  cent  of  digested  energy. 


Organic  matter. 


Total. 


(Tranu. 
4,701.3 
3,788.9 


1,912.4 


7,363.7 
2,802.6 


4,661.1 


3,962.6 
2,623.6 


1,339.1 


6,202.3 
2,636.8 


2,666.6 


Digestlr 
ble. 


3,304.7 
1,762.9 


CUorief. 
22,485.4 
13,187.7 


1,641.8 


6,388.1 
1,771.6 


36,671.6 
13,261.8 


8,616.6 


2,687.6 
1,643.1 


1,044.6 


3,814.2 
1,661.4 


2,162.8 


Total 
energy. 


9,297.7 

loaoo 


22,309.8 
100.00 


18,916.9 
12,405.4 


6,610.6 
100.00 


26,026.4 
12,477.4 


12,649.0 

loaoo 


Energy  of  excreta. 


Feces. 


QUortet, 

7,369.3 

6,461.0 


1,896.3 
20.42 


10,3«).7 
6,481.7 


4,849.0 
21.73 


6,767.7 
6,223.9 


1,643.8 
23.71 


7,3n.l 
6,254.2 


2,116.9 
16.87 


Urine 
(cor- 
rected). 


CUoiiet. 
1,216.9 
686.9 


630.0 
6u78 
8.52 


1,991.4 
690.2 


1,401.2 
6.28 
8.02 


1,096.1 
688.0 


607.1 
7.79 
10.21 


1,636.4 
601.4 


946.0 
7.53 
9.06 


Methane. 


OcUoriei. 

1,848.2 

1,066.0 


793.2 
8.62 
10.70 


2,686.2 
1,060.9 


1,626.3 
7.29 
9.31 


1,610.6 
997.4 


613.2 
9.42 
12.36 


2,097.8 
1,003.2 


1,094.6 
8.72 
10.48 


Metabo- 
Usable 


CbJoriet. 

12,061.0 

6,084.8 


6,976w2 
64.28 
80.78 


20,663.8 
6,119.0 


14,434.3 
64.70 
82.67 


9,442.6 
6,696.1 


3,846.4 
69.06 
77.44 


14,021.1 
5,628.6 


8,392.6 
66.88 
80.46 


Table  183. — Metabolizable  energy  per  gram  organic  matter  of  mixed  grain,  1907, 


Organic  matter. 

Periods. 

Total. 

Digested. 

Total. 

Per  gram 

total 
organic 
matter. 

Per  gram 
digested 
organic 
matter. 

Steer  A. 
I 

Gramt. 
1,912.4 
4,661.1 

Omm$. 
1,641.8 
3,616.6 

QOoriei, 
6,976.2 
14,434.3 

QOories, 
3.126 
3.166 

OnUnies, 
3.876 

II 

3.991 

Avenee 

3.146 

SUerB. 
I 

1,339.1 
2,666.6 

1,044.6 
2,162.8 

3,846.4 
8,392.6 

2.872 
3.271 

3.683 

n 

3.880 

Ayange.... ,, 

3.072 

180      INFLUENCE  OF  TYPE  AND  AGE  ON   UTILIZATION   OF   FEED. 
CORRECTION  OF  HEAT  PRODUCTION   FOR  6TANDINO   AND  LYING. 

The  following  tables  afford  the  data  necessary  for  correcting  the 
observed  heat  production  for  variations  in  the  proportion  of  time 
spent  standing  and  lying: 

Tablb  184. — Heat  emitted  by  radiation  and  conduction  during  periodi  of  Mtanding  and 

lying,  1907, 


Lying. 

Periods. 

Elapsed 

time. 

Total 

Elapnd 
time. 

Total 
beat. 

Periodi. 
Steer  A: 

6.00  D.  m.  to  7.00  p.  m 

lOHMtes. 

60 
108 

CWorief. 
314.14 
637.21 

JOMle*. 

CWoriet. 

7.20  p.  m.  to  9.08  p.  m 

9.48  p.  m.  to  12.40  a.  m 

172 

841.88 

1.00  ft.  m.  to  1.20  a.  m 

20 
32 

125.72 
212.22 

1.40  a.  m.  to  2.12  a.  m 

3.24  a.  m.  to  4.12  a.  m 

48 

230.09 

4.36  a.  m.  to  6.00  a.  m 

84 
100 

517.60 
573.14 

6.00  a.  m.  to  7.40  a.  m 

8.04  a.  m.  to  8.56  a.  m 

53 

229i91 

9.16  a.  m.  to  9.40  a.  m 

24 

151.41 

10.00  a.  m.  to  12.04  p.  m 

124 

564.44 

12.24  p.  m .  to  12.56  p.  m 

32 

211.85 

1.24  D.  m.  to  2.44  p.  m 

80 

350.30 

3.04  p.  m.  to  3.44  p.  m 

40 

2S0.28 

4.08  p.  m.  to  4.20  p.  m 

12 

54.49 

4.40  p  m.  to  6.00  p.  m 

80 

144 

24 

483.20 
887.25 
156.98 

6.00  p.  m  to  8.24  p.  m 

8.62  p.  m.  to  9.16  p.  m 

9.40 p.m.  to  10.32 p. m 

52 
116 
132 

261.76 

11.20  p.  m.  to   1.16  a.  m 

000.74 

1.56  a.  m.  to  4.08  a.  m 

676l36 

4.28  a.  m.  to  6.00  a.  m 

92 
112 

582.27 
661.39 

6.00  a.  m.  to  7.52  a.  in 

8.16  a.  m.  to  9.56  a.  m 

100 

441.28 

10.16  a.  m.  to  10.52  a.  m 

36 

239.38 

11.16  a.  m.  to  12.36  p.  m 

80 

372.09 

12.56  p.  m.  to  1.20  p.  m 

24 

150.06 

1.44  p.  m.  to  3.32  p.  in 

108 

503.16 

3.52  p.  m.  to  6.00  p.  m 

128 

795.35 

Totals 

1,140 

6.967.47 
+63.97 

1,076 

5,12&50 
—72.33 

Corrections  for  capacity,  feed,  water,  excreta,  etc. . . 

7,031.44 
6.1679 

5,064.17 

Heat  per  minot* . . 

4.6973 

Steer  B: 

6.20  p.  m.  to  7.20  p.  m 

60 

333.30 

7.56  p.m.  to  12.08  a.  m 

252 

1,139.94 

12.44  a.  m.  to  2.04  a.  m 

80 

525.91 

2.28  a.  m.  to  4.40  a.  m 

132 

589.50 

fi.08a.  m.  to  6.00  a.  m 

52 
116 

317.07 
664.87 

6.00  a.  m.  to  7.56  a.  m 

8.20  a  m.  to  10.24  a.  m 

124 

467.31 

10.44  a.  m.  to  11.105  a.  m 

*"26.5 
77.5 

171. 75 
496.54 

11.16  a.  m.  to  12.28  p.  m 

12.52  p.  m.  to  2.20  p.  m 

88 

34&51 

2.40  p.  m.  to  6.00  p.  m 

200 
128 

1,131.33 
757.06 

6.00  p.  m.  to  8.08  p.  m 

8.32  p.  m.  to  10.12  p.  m 

100 

441.96 

10.32  p.  m.  to  12.24  a.  m 

112 

715.39 

12.48  a.  m.  to  6.24  a.  m 

276 

1,221.74 

6.44  a.  m.  to  6.00  a.  ro 

16 
184 

99.93 
1,060.85 

6.00  a.  m.  to  9.04  a.  m 

9.28  a.  m.  to  12.56  p.  m 

206 
108 
....J 

869.01 

1.20  p.  m.  to  3.08  p.  m 

481.86 

3.28  p.  m.  to  3.58  p.  m 

30 

40.5 

81.5 

178.22 
248.98 
486.07 

3.58  p.  m.  to  4.38op.  m 

4.38  p.  m.  to  6.00  p.  m 

Totals 

1,204 

7,196.27 
+&77 

1,288 

6,557.85 
—41.42 

Correctioiis  for  capacity,  feed,  water,  excreta,  etc . . . 

7,205.04 
6.9843 

5,516.43 
4.2820 

Heat  per  xninute. 

HEAT  EMISSION  STANDING  AND  liTlNG,  1«W. 
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Tablb  184. — Heat  emitted  by  radiatwn  and  coTiducticn  during  periods  of  standing  and 

lying t  iP07— Continued. 


Standing. 

Jjytag. 

Periods. 

Elapsed 
time. 

Total 
heat. 

Elapsed 
time. 

Total 
heat. 

Period  II. 
Steer  A: 

6.00  p.  m.  to  7.16  p.  m 

MinuU*. 
76 

Calories. 
636.73 

Minute*. 

Calories. 

7.40  p.  m.  to  8.04  p.  m 

24 

135.96 

9.24  p.  m.  to  11.00  p.  m 

96 
72 

863.67 
608.91 

12.12  a.  m.  to  1.24  a.  m 

1.48  a.  m.  to  4.40  a.  m 

172 

916.21 

5.12  a.  m.  to  6.00  a.  m 

48 

22.6 

67.5 

374.87 
175.31 
433.01 

6.00  a.  m.  to  6.225  a.  m 

6.22  a.  m.  to  7.20  a.  m 

7.40  a.  m.  to  8.03  a.  m 

23 
29 
40 
48 

128.35 

8.03  a.  m.  to  8.32  a.  m 

149.60 

9.28  a.  m.  to  10.08  a.  m 

211.64 

11.40  a.  m.  to  12.28  p.  m 

300.34 

12.48  p.  m.  to  1.12  p.  m 

24 

209.71 

1.28  p.  m.  to  2.28  p,  m 

60 

340.32 

2.48  p.  m.  to  8.16  p.  m 

28 
136 
288 

238.24 
1,014.72 
2,273.52 

3.44  p.  m.  to  6.00  p.  m 

6.00  p.  m.  to  10.48  p.  m 

11.08  p.  m.  to  11.24  p.  m 

16 

91.08 

11.48  p.  m.  to  12.28  a.  m 

40 

60 

80 

88.5 

39.5 

328.69 
470.31 
626.81 
606.22 
263.62 

12.44  a.  m.  to  1.44  a.  m 

4.40  a.  m.  to  6.00  a.  m 

6.00  a.  m.  to  7.285  a.  m 

7.285  a.  m.  to  8.08  a.  m 

8.40  a.  hl.  to  9.30  a.  m 

50 
42 

264.66 

9.30  a.  m.  to  10.12  a.  m 

202.09 

10.32  a.  m.  to  11.08  a.  m 

36 

201.42 

11.32  a.  m.  to  12.16  p.  m 

44 

226.28 

12.40  p.  m.  to  3.12  p.  m 

162 

1,191.70 

3.32  p.  m.  to  5.00  p.  m 

88 

404.92 

5.20  p.  m.  to  6.00  p.  m 

40 

301.63 

TntJ^a  ...     , , 

1,384 

10,689.09 
+104.54 

636 

3,371.44 
-31.93 

Correctloiis  for  capacity,  feed,  water,  excreta,  etc . . . 

10,793.63 
7.7989 

3,339.61 
6.2506 

Heat  per  ™innte 

Steer  B: 

6.00  p.  m.  to   7.24  p.  m 

84 
24 

569.87 
168.39 

8.16  P.  m.  to  8.40  p.  m 

9.00  p.  m.  to  9.217  p.  m 

21.7 
34.3 

99.83 

9.217  p.  m.  to  9.56  p.  m 

140.09 

10.16  P.  m.  to  11.00  p.  m 

44 

306.23 

11.24  p.  m.  to  12.12  a.  m 

48 

20L80 

12.32  a.  m.  to  12.66  a.  m 

24 

177.66 

1.40  a.  m.  to  2.36  a.  m 

56 

266.47 

2.66  a.  m.  to  3.12  a.  m 

16 

116.34 

8.36  a.  xn.  to  4.44  a.  m 

68 

307.07 

6.04  a.  m,  to  6.00  a.  m 

66 
92 

443.03 
662.49 

6.00  a.  m.  to  7.32  a.  m 

7.66  a.  m.  to  9.16  a.  m 

80 

323.00 

9.36  a.  m.  to  10.62  a.  m 

76 

641.00 

11 .44  a.  m.  to  12.44  p.  m 

60 

243.13 

1.04P.  xn.  to   1.20  P.  m 

16 

116.71 

1.44  p.  m.  to  8.04  P.  m 

80 
72 

349.66 

8.66  p.  m.  to  5.08  p.  m 

277.72 

6.28  P.  m.  to  6.00  p.  in 

32 
80 

222.73 
529.05 

6.00  p.m.  to  7.20  p.  m 

7.44  p.  m.  to  8,36  p.  m 

62 

8 

16 

220.61 

8.66  P.  m.  to  9.04  p.  m 

41.77 

9 J24  p.  m.  to  9.40  p.  m 

88.06 

10.00  p.  m.  to  11.44  p.  xn 

104 

718.16 

13.32  a.  m.  to  1.04  a.  in 

32 
172 

127.66 

1.28  a.  in.  to  4.20  a.  m 

79a  97 

4.40  a.  m.  to  6.00  a.  m 

80 
34 
94 

630.58 
216.99 
648.19 

6.00  a.  m.  to  6.34  a.  m 

6.34a.  m. to  8.08a.  m 

8.32  a.  m.  to  11.56  a.  m 

204 

888.84 

12.16  P.  m.  to   1.62  p.  in 

96 

679.84 

2.16  P.  m.  to  4.00  p.  m 

104 

469.45 

4.20  p.  m.  to  6.00  P.  xn 

100 

626.26 

Totals 

1,052 

7,069.39 
-103.67 

1,106 

4,814.60 

CorrectloDs  for  capacity,  water,  feed,  excreta,  etc. . . 

+66.30 

6,956.82 
6.6120 

4,880.90 

Heat  per  mlstite 

4.4051 
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Table  184. — Heat  emiUed  by  radiaiion  and  eondudion  during  periodi  of  standing  and 

lying,  1907 — Continued. 


Periods. 


Period 
Steer  A: 

6.00  p.  m.  to  7.02  p.  m. . . . 
7.02  p.  m.  to  7.506  p.  m. . . 
7.fi05  p.  m.  to  8.02  p.  m. . . 
8.02  p.  m.  to  8.075  p.  m. . . 
8.075  p.  m.  to  8.506  p.  m. . 
8.505  p.  m.  to  11.24  p.  m. . 
11.48  p.  m.  to  12.14  a.  m. . 
12.14  a.  m.  to  8.56  a.  m. . . 

4.16  a.  m.  to  6.00  a.  m 

6.00  a.  m.  to  8.32  a.  m  .. . . 
8.56  a.  m.  to  12.12  p.  m... 
1.24  p.  m.  to  3.00  p.  m — 
8.20  p.  m.  to  6.00  p.  m — 

6.00 p.  m.  to 7.36p.  m 

8.00  p.  m.  to  11.00 p.  in. .. 
11.20  p.  m.  to  11.40  p.  m. . 
12.04  a.  m.  to  1.04  a.  m.... 

1.24  a.  m.  to  1.48  a.  m 

2.12a.  m.  to  4.44  a.  m 

5.04  a.  in.  to  6.00  a.  m 

6.00  a.  m.  to  7.36  a.  m 

8.40  a.  m.  to  10.12  a.  m.... 
ia82  a.  in.  to  11.04  a.  m. . 
11.28  a.  m.  to  1.06  p.  m... 
1.28 p.  m.  to  1.56 p.  m.... 
2.20  p.  m.  to  4.04  p.  in. . . . 
4.24  p.  m.  to  5.07  p.  m — 
&07  p.  m.  to  6.00 p.  m. .. . 


///. 


Totals 

CcnectloDS  for  capacity,  water,  feed,  excreta,  etc. 


Heat  per  minate. 


Steer  B: 

6.00  p.  m.  to  8.08  p.  m.. . 
8.32  p.  m.  to  10.12  p.  m.. 
10.32  p.  m.  to  11.24  p.  m. 
11.52  p.  m.  to  3.12  a.  m. . 
8.82  a.  in.  to  4.16  a.  m.... 
4.40  a.  m.  to  5.40  a.  in.... 
6.00  a.  m.  to  8.44  a.  m — 
9.08  a.  m.  to  11.56  a.  m... 
1.24  p.  m.  to  4.04  p.  in. . . 
4.24  p.  m.  to  6.00  p.  in. . . 
6.00  p.  m.  to  7.12  p.  m. . . 
7.36  p.  m.  to  10.32  p.  m.. 
11.28  p.  m.  to  1.40  a.  m. . 
2.16 a.  m.  to 4.00  a.  m... 
4.12  a.  m.  to  4.30  a.  m. . . 
6.20  a.  m.  to  5.265  a.  m. . 
6.265  a.  m.  to  6.00  a.  m. . 
6.00  a.  m.  to  7.40  a.  m. . . 
8.04  a.  m.  to  10.12  a.  m. . 
10.32  a.  m.  to  10.52  a.  m. 
11.16  a.  m.  to  1.06  p.  m. . 
1.28  p.  m.  to  1.48  p.  m. . . 
2.12  p.  m.  to  3.40 jp.  m. . . 
4.00  p.  m.  to  4.246  p.  m . . 
4.245  p.  m.  to  4.40 p.  m. . 
6.04  p.  m.  to  6.20  p.  m. . . 
6.40p.m.  to 6.00 p.  m... 


Totals 

Coirections  for  capacity,  water,  feed,  excreta,  etc. 


Heat  per  minate. 


Standing. 


Elapsed 
time. 


MhnUet, 
62 
48.5 
12.2 
48 
43.0 
163.5 


104 
153 


160 
96 


20 
'24' 


66 
96 


82 

a" 


43 
63 


1,188 


Total 
heat. 


256.20 
212.71 
63.76 
22.37 
206.33 
792.00 


631.62 
706.84 


77a  27 
459.20 


109.79 


292.54 
464.26 


162.56 

isioo' 


21&00 
209.77 


6,790.76 
-47.9 


5,742.86 
4.8340 


128 


44 


96 
72 


18 
6.5 
33.6 
100 


20 
'26' 


24.5 
16.5 


20 


814 


603.47 
279.14' 


227.16 
'74i"68' 


474.01 
327.70 


89.48 

85.44 

176.50 

476.87 


100.96 

'i6o.'o6' 


12427 
77.87 


96.81 


3,982.80 
-93.03 


3,839.77 
47173 


Lying. 


Elapsed 
time. 


Mhmtet. 

CUoria. 

26 
222 

83.07 
821.08 

iii 

96 

648.45 
866.00 

180 

65a  60 

60 

241.57 

152 

509.40 

92 

308.70 

100 

868.39 

104 

37488 

1,228 


100 
'266 


60 


168 
160 


176 
132 
104 


128 

ii2 


88 

"io 


1,444 


Total 


4,4«2.14 
-33.64 


4,408.60 
8.5000 


831.24 
728.79 


309.76 


806.33 
571.79 


63484 
491.45 
404.38 


426.33 
'88408' 


299.31 

"si'ii* 


5,041.39 
-53.94 


4,967.45 
3.4539 
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Table  184. — Heal  emitted  by  radiation  and  conduction  during  periods  of  Btanding  and 

\  lying  y  1907 — Continued. 


Periods. 


Period  IV, 
Steer  A: 

6.00  p.  m.  to  7.36  p.  m 

8.28  p.  m.  to  10.28  p.  m 

10.52  p.m.  to  2.08  a.  m 

2.48  a.m.  to  4.36  a.  m 

4.56  a.m.  to  6.00  a.  m 

6.00a.m.  to7.44a.m 

8.08  a.  m.  to  8.28  a.  m 

8.48  a.  m.  to  9.16  a.  m 

9.40  a.  m.  to  10.24  a.  m 

10.44  a.  m.  to  12.32  p.  m 

12.56  p.  m.  to  3.20  p.  m 

8.40  p.  m.  to  6.00  p.  m 

6.00  p.  m.  to  7.48  p.  m 

8.12  p.  m.  to  8.52  p.  m 

9.12  j>.  m.  to  9.52  p.  m 

10.16  p.  m.  to  ll.«)  p.  m 

12.00  a.  m.  to  1.04  a.  m 

1.28  a.m.  to  3.56  a.  m '. 

4.16  a.m.  to  4.575  a.  m 

4.575  a.  m.  to  6.00  a.  m 

6.00  a.  m.  to  7.12  a.  m 

7^6  a.  m.  to  8.28  a.  m 

9. 16  a.  m.  to  9.36  a.  m 

9. 56  a.  m.  to  10.12  a.  m 

10.40  a.  m.  to  1.4S  p.  m 

2.36  p.  m.  to  4.04  p.  m 

4.24  p.  m.  to  6.00  p.  m 


Totals 

Conections  for  capacity,  water,  feed,  excreta,  etc 


Heat  per  minute. 


Steer  B: 

6.00  p.  m.  to  6.48  p.  m. . . 
7.12  p.  m.  to  8.00  p.  m. . . 
8.20 p.  m.  to  8.52  p.  m. . . 
9.16  p.  m.  to  10.44  p.  m. . 
11.04  p.  m.  to  11.36  p.  m. 
12.04  a.  m.  to  12.44  a.  m. 
1.04  a.m.  to  1.28  a.m... 
2.00  a.  m.  to  4.28  a.  m. . . 
4.48  a.  m.  to  6.00  a.  m. . . 
6.00  a.  m.  to  7.28  a.  m. . . 
7.28  a.  m.  to  8.56  a.  m. . . 
9.16  a.  m.  to  10.16  a.  m. . 
10.44  a.  m.  to  11.28  a.  m. 
11.48  a.  m.  to  12.36  p.  m. 
1.00p.m.  to 3.04 p.m... 
8.34  p.  m.  to  4.12  p.  m. . . 
4.36  p.  m.  to  5.36  p.  m. . . 
6.00  p.  m.  to  7.16  p.  m. . . 
7.40  p.  m.  to  8.36  p.  m. . . 
8.56  p.  m.  to  9.28  p.  m. . . 
9.52p. m.  to  11.12 p.  m. . 
11.32  p.  m.  to  12.24  a.  m. 
12.48  a.  m.  to  4.20  a.  m. . 
6.00  a.  m.  to  7.08  a.  m. . . 
7.32  a.  m.  to  10.04  a.  m. . 
10.24  a.  m.  to  11.24  a.  m. 
11.48a.m.  to  12.12 p.m. 
12.32  p.  m.  to  12.56  p.  m. 
1.20  p.  m.  to  2.16  p.  m . . . 
2.40  p.  m.  to  4.04  p.  m. . . 
4.24  p.  m.  to  6.00  p.  m. . . 


Standing. 


Elapsed, 
ttme. 


Totals 

Corrections  for  capacity,  water,  feed,  excreta,  etc. 


Heat  per  minute. 


96 
120 


64 
104 


28 

ids' 


140 
108 


40 
64' 


41.5 
62.5 
72 


16 


96 


1,160 


48 


32 


32 


24 


72 

88 


GO 


48 


48 


76 


32 


52 


68 


GO 


24 


96 


8G0 


Total 
beat. 


Cbtorie*. 
626.62 
711.38 


877.00 
582.10 


160.18 

eii.'is* 


785.35 
607.77 


254.71 
467.06' 


253.22 
361.57 
403.18 


99. 89 


563.71 


6  725.10 
-5.94 


6,719.16 
5.7924 


266.10 

m.'so' 

'i99.'52' 
i48.'i6' 


417.37 
471.32 


334.36 
'28i"66' 
'28i'76* 
*4i7.'26' 
"i96.'24' 

'ma' 

"364.' if 
'836.'47" 

'isi'ro" 


Lying. 


Elapsed 
ttme. 


Minutet. 

Oaioriea. 

196 
108 

818.42 
475.47 

20 

8a  83 

44 

176.66 

144 

671.97 

40 

185.18 

84 

392.41 

148 

632.39 

•  • 

52 
20 

2ii.28   ' 
91.52 
^ 

188 
88 

scfLsor 

386.57^ 

48&89 


4,833.79 
-7.08 


4,828.71 
6.6126 


1,182 


Total 
heat. 


4,824.20 
-45.09' 


3 


4,779.11  . 

4.2218 


48 

'    "isi'ffl""' 

88 

376.85 

40 

160.31 

148 

600.22 

64 

226.09 

44 

159.96 

124 

490.71 

60 

233.27 

56 

223.26 

............ 

80 

323.61 

212 

838.73 

152 

540.32 

24 

101.76 

66 
84 

216.19 
813.92 

1,280 

4,993.72 
—86.64 

4,907.08 
3.8337 
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Table  185.- 

-Average  heat  per  minute 

emitted  by  radiation  and  conduction, 

1907. 

Periods. 

Standing. 

Lying. 

I 

Steer  A. 

Calories. 
6.1679 
7.7989 
4.8340 
5.7924 

5.9643 
6.6120 
4,7172 
5.6125 

Calories. 

4-G872 

5.2S0& 

HI 

3.5900 

IV 

4.221S 

I 

Steer  B. 

4.2829 

n 

4.4051 

Ill 

3.4539 

IV 

3.S337 

The  following  table  shows  the  total  heat  emission  and  production 
corrected  to  12  hours  standing,  as  in  the  previous  experiments. 

Table  186. — Heat  production  corrected  to  12  hours  standing^  1907. 


St<wrA. 

Steer  B. 

Periods. 

Total  heat 
emivion. 

Correction 

for  gain  of 

matter  by 

body. 

Total  heat 
production. 

Total  heat 
emission. 

Correction 

for  gain  of 

matter  by 

body. 

Total  heat 
production. 

1 

Calories. 

10,164.3 

13.482.7 

7,809.1 

9,618.4 

Calories. 

-  0.6 
-107.5 

•      -  18.2 

-  95.0 

Calories. 

10,163.7 

13,375.2 

7,790.9 

9,523.4 

Calories. 
9,648.8 

11,716.0 
8,009.9 
9,786.0 

Calories. 
-48.6 
+  3.8 
+54.0 
+25.6 

Calorie*. 

9  GOO  2 

II 

11,710  8 

Ill 

8,063  9 

rv 

9,811.5 

AVAILABILITY  OF  METABOLIZABLE  ENERGY. 

The  following  tables  show  the  gain  of  energy  by  the  animals,  as 
computed  from  the  corrected  heat  production  of  Table  186,  and  the 
average  live  weights  of  the  animals  for  the  last  six  days  of  each 
period. 

Table  187. — Corrected  gains  of  energy  by  the  animals,  1907. 


Period  I: 

Metabolizable 

Brushings 

Heat  (from  Table  186). 
Gain 


Period  II: 

Metabolizable 

Brushings 

Heat  (from  Table  186). 
Gain 


Period  ni: 

Metabolizable 

Brushings 

Heat  (from  Table  186). 
Gain 


Period  IV: 

Metabolixable 

Brushings 

I       Heat  (from  Table  186) . 

Gain 


Steer  A. 


Income. 


Calories. 
12,061.0 


12,061.0 


20,553.3 


20,553.3 


6,234.5 


1,679.4 


7.913.9 


10,157.2 


Outgo. 


Calories. 


123.0 

10,163.7 

1,774.3 


12,061.0 


123.0 

13,375.2 

7,055.1 


20,553.3 


123.0 
7,790.9 


7,913.9 


123.0 

9,523.4 

510.8 


10,157.2        10,157.2 


Steer  B. 


Income. 


Calories. 
9,442.5 


275.6 


Outgo. 


Ckilories. 


117.9 
9.600.2 


9,718.1 


14,021.1 


14,021.1 


5,687.3 


2,494.5 


8,181.8 


9,445.5 


483.9 


9,929.4 


9.718,1 


117.9 

11, 719. 8 

2,183.4 


14.021.1 


117.9 
8,063.9 


8,181.8 


117.9 
9,811.5 


9,929.4 
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Table  188? — Average  live  weights  for  last  six  days  of  each  period^  1907. 


Periods. 

St««r  A. 

Steer  B. 

I 

KVm. 
498.6 
618.7 
607.3 
614.2 

KiUa. 
372.6 

11 

386.4 

Ill 

373.7 

IV 

384.9 

TIMOTHY  HAY. 


A  comparison  of  Periods  III  and  IV  in  the  same  manner  as  in 
previous  experiments  gives  the  following  results  for  the  availability 
of  the  metabolizable  energy  of  the  timothy  hay: 

Table  189. — Availability  of  metabolizable  energy  of  timothy  hay,  1907. 


Steer  A— Periods  IV-III. 


/607.3\^ 


m— 


Zk-  6^4.5  ys" -1,679.4 

Z4- 10,167.2  y^       610.8 

-1,679.4-(0.991  X610.8) 


6,234.5-  (0.991X10,157.2) 


—57.06  per  cent. 


Steer  B— Periods  IV-UI. 


«-(il5)'*-«««» 


Xs— 5,687.3 
74-9,445.5 


yj-  -2,494.5 
^4--    483.9 


TO— 


-2,494.5- (0.9806X  -483.9) 
5,687.3- (0.9800X9,445.5)    "«^-^°  P®"  <*"*• 


MIXED    GRAIN. 


Correcting  the  results  of  Periods  I  and  II  for  the  differences  in  the 
amounts  of  hay  consumed  as  compared  with  the  basal  ration  of 
Period  III,  the  availabiUty  of  the  metaboUzable  energy  of  the  mixed 
grain  may  be  computed  as  follows: 

Table  190. — Correction  for  differences  in  amounts  of  hay  eaten,  1907. 


Steer  A. 

Steer  B. 

Periods. 

Organic 

mat.ter  of 

hay. 

Metabolizar 

ble  energy 

of  total 

ration. 

Gain  by 
animal. 

Organic 

matter  of 

hay. 

Metaboliza- 
ble energy 
of  total 
ration. 

Gain  by 
animal. 

Period  IH 

QraTM. 
2,826.1 

2,788.9 

Calories. 

CaUnies. 

Qrams. 
2,659.0 
2,623.6 

Calories. 

Calories. 

Period  I 

12,061.0 
81.7 

1,774.3 
46.6 

9,442.5 
76l2 

—275.6 

Correction. 

37.2 

35.6 

43.1 

Period  I,  corrected 

2,826.1 

12,142.7 

1,820.9 

2,659.0 

9,51&7 

—232.6 

Period  in 

2,826.1 
2.802.6 

2,659.0 
2,636.8 

Period  XL 

20, 55a  3 
51.6 

7,055.1 
29.4 

14,021.1 
47.6 

2,183.4 

Correction. 

23.5 

22.2 

26.9 

Period  n,  corrected 

2,82a  1 

20,604.9 

7,084  6 

2,659.0 

14,068.7 

2,2ia3 
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Ta  blb  191 . — A  vailabUily  of  metabolizable  energy  of  mixed  grain 


steer  A— Periods  I-IIL 


^/507J\H_Lou 


/507.8\ 
V.498.6/ 


4-6,234.5 
zi- 12, 142. 7 


f^-1,679.4 

n-   i,8aa» 


-1.679. 4-(1.012X  1.820.9)_.^8  jg  „ ^ent. 
6, 234. 5-(l.  012X12, 142. 7)  *^ 


Steer  B— Periods  I-IIL 


^/373J\H_L002 


Xk— 5,687.3 
xi-0,51&7 


1!^-2,4M.5 
fi—— 232.5 


Steer  A— Periods  Il-in. 


-(1^?)'^— 


1^6,234.5 
21-20,604.9 


f^ -1,679. 4 
yr-7.084,5 


-1,679.  4-(a 96.'>4X_7,0g45),e^^ ^        ^^^ 
6,234. 5-(a  9854X20,604. 9)  *^ 


,_  r®'  494.5-(1.0tgX-232.5)_3g^  73 
"  5, 687. 3-(L  002X9,518. 7) 


Steer  B— Periods  n-IIL 


•i-/?Z?J^«-a9777 
V886  4y 


5,687.3 
14,066.7 


-2,404.5 
•2,21a  3 


in— 


-2.494.5-(a9777X  2.2ia3)_gy  ^j 
5, 687. 3-(a  9777X  14,068. 7) 


percent. 


Steer  A— Periods  II-I. 

3teer  B— Periods  U-L 

Xj-12,142.7           fi-l,82a9  , 
S^20,604.9           fi-7,084.5 

^  l.820.9-(a9738X7.»4.5).^j^l0peroent 
12, 142. 7-(a  9738X20,604. 9)              *^ 

H-  9,518.7           |n--232.5 
Z1-U.O6K.7           9r-2,2ia3 
-232.5-(a9757X  2.2ia3)    5^74n«'Oflnt 

9,5ia7-(a  9757X14,068. 7)              *^ 

The  results  are  summarized  in  the  following  table  and  represented 
graphically  in  figure  9 : 

Table  192. — Summary  of  percentage  availability  of  metabolizable  energy. 


Feed. 

Steer  A. 

Steer  B. 

Timothy  li»y. .  .  .  .           

57.05 

58.18 
64.10 
61.55 

56^50 

Mixed  grain: 

Periods  I-ni 

58.73 

Periods  n-I 

56l74 

Periods  Il-m 

57.71 

BECALGXTLATIGN  OF  RESPIBATION  CAIiOBIMBTEB  EXPERIMENTS 

OF  1903. 

As  noted  in  Part  I  of  the  present  bulletin,  the  results  regarding 
availability  reported  in  Bulletin  74  of  this  Bureau  were  computed 
without  the  correction  to  a  uniform  time  of  standing  and  lying 
which  has  been  appUed  to  the  later  experiments.  The  difference  in 
this  respect  is  sufficient  to  materially  alter  the  teaching  of  the  experi- 
ments, hence  a  recalculation  of  the  results  as  published  in  Bul- 
letin 74  has  been  made,  which  is  tabulated  below. 
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As  a  basis  for  the  computation,  the  heat  emission  per  day,  as  for- 
merly reported,  is  retabulated  so  as  to  show  the  percentage  of  heat 
given  off  as  latent  heat  of  water  vapor. 

Tablb  193. — Heat  emisnon  per  day^l90S. 


Periods. 

Radiation 
and  con* 
duction. 

In  water 
vapor. 

TotaL 

Percent 

in  water 

vapor. 

I 

Oaloriet. 
8,933.43 
7,477.66 
7,723.06 

10,436.31 

Oaloriea. 
2,721.95 
2,608.97 
2,807.33 
4, 18a  87 

Oaloriet. 
11,655.38 
10,066l52 
10,53a  38 
14,617.18 

PereefU. 
23.35 

II 

25.87 

in 

26.66 

IV 

28.60 

The  average  time  spent  standing  during  the  four  periods  was 
925.75  minutes  per  day.  In  order  to  make  the  corrections  as  small 
as  possible,  the  results  have  been  computed  to  a  uniform  basis  of 
925  minutes  standing.  The  correction  computed  in  the  same  manner 
as  in  the  foregoing  experiments,  the  corrected  amount  of  heat  given 
off  by  radiation  and  conduction,  and  the  corrected  heat  emission 
are  shown  in  the  following  tables: 

Tablb  194. — Heat  emUsion  per  day  corrected  to  9t5  minutes  standing,  190S. 


Periods. 

Correction. 

Corrected 
radiation 
and  con- 
duction. 

Corrected 
total. 

I 

Caioriet. 
+  105.96 
+    34.12 
+  27a  54 
+  551.03 

Oaloriet. 
9,039.39 
7,61L67 
7,993.59 
9,885.28 

CaUrriet. 
11,793.1 
10, 133. 1 

n 

ni 

10,899.4 

IV 

13,844.9 

Tablb  195. — Heat  production  corrected  to  925  minutes  standing,  1903. 


Periods. 

Corrected 
emission. 

Correction 
for  water 
balance. 

Corrected 
heat  pro- 
duotxnu 

I , 

Oaloriet. 
11,793.1 
10,133.1 
10,899.4 
13,8449 

Oaloriet. 
-  128.3 
+    36.6 
+      9.8 
+    34.7 

Oaloriet. 
11,666.8 
10,160.7 
10,909.2 
13,879.6 

11 :....: :::::::::::::::::::^::::::::::::::: 

III 

IV 
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Table  196. — Corrected  gains  of  energy  by  animaU,  190S. 


Tmwime. 

OutBD. 

Period  I: 

Metabolizable ^ 

Coioriet. 
8,440 

Cclorusf. 

Rnifthing^ _  . . 

81 

Heat...r 

^^ 

11,667 

Gain 

3,299 

11,748 

11,748 

Period  II: 

MeUboUzable 

6,154 

Brush  ings 

81 

Heat 

10, 170 

Gain 

4,097 

10,251 

10.251 

Period  III: 

Metabolizftble 

8,238 

Bninhings ... 

81 

10.899 

Gain 

2,742 

10,980 

10,980 

Period  IV: 

Metabolixable 

17,973 

Bmshings 

81 

Heat 

13,843 

Gain 

4.047 

17,973 

17,9f73 

Table  197. — Average  live  weights^  190S. 

KSm. 

Period  1 55a2 

Period  II 525.1 

Period  III 519l2 

Period  IV 525.9 

Table  198. — Availability  of  tnetabolizable  energy  of  clover  hay,  Periods  I-Il. 


n— 


2^6,154 
Xi- 8,449 


Jfr- -4,097 
yi- -3,299 


-4,097-(0.9e94X-3,299)    ^^        ^^. 
^ 6,154-(0.9694X8,454)        **•"*  P*'  ^*°^ 

Table  199. — Correction  for  differences  in  amount  of  hay  eaten. 


Periods. 

Organic  matter 
of  hay. 

Metabolixable 
energy  of  total 
ration. 

Gain  by 
animal. 

Period  II 

Oranu. 
2,940.8 
2,952.8 

CUorlef. 

Calories. 

Period  III 

8,238 
-25 

-2,742 

Correction *. 

-12.0 

-11 

Period  III.  corrected 

2,940.8 

8,213 

—2,758 

Period  n 

2,940.8 
2,974.8 

PeriodIV 

17,973 
-71 

4,047 

Correction 

-34.0 

—31 

Period  IV.  corrected 

2,940.8 

17,902 

4,016 
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Table  200. — AvaHability  of  metabolizdble  energy  of  com  meal. 

Pbbzo]>s  III-II. 


i 


V619 

Xs- 6,154  y,.— 4,097 

s^S^n  y«- -2,753 

-4,(»7-(1.008X -2,753) 
~6,154-(i:008X~8;2i3r"  ^  °™ 

■ 

Pkbiods  IV-II. 

Xr-  6,154  |ri«— 4,097 

Xi- 17,902  y4-     4,016 

~4,097-(0.999lX4,016)    fio,«^^^ 
6,154-(0.999XX17;902)"""**'""  *^  *^™^ 

Pkbiods  IV-ni. 

z«-  8,213  y«- -2,763 

Z4»  17,902  y4-     4,016 

-2,753-(0.9915X4,016)    ^n^,^^. 
8,2i3-(0.9915X17,902) " '"*'  P" ^*°*- 

DIGESTION  AND  METABOLISM  TBIALS  DUBING  THE  INTEB- 

MEDIATE  FEEDING  PEBIODS. 

As  stated  in  Part  I,  pages  13  and  66-69,  four  digestion  and  metabo- 
Ksm  experiments  were  made  in  the  course  of  what  have  been  designated 
as  the  intermediate  feeding  periods.  Full  data  regarding  the  com- 
position of  the  feeding  stuffs  used  in  these  experiments  are  contained 
in  Table  26  of  Part  I  (p.  63).  The  details  of  the  experiments  follow, 
including  some  repetition  of  data  already  presented  in  Part  I. 

DIGESTIBILITY  OF  THE   RATIONS. 
TRIAL  OF  DECEMBER  1-10,  1904. 

The  rations  offered  daily  were  identical  with  those  consumed  for 
the  preceding  month,  but  a  considerable  portion  of  the  hay  was  rejected 
by  the  animals. 

Table  201. — Daily  rations  during  digestion  irialy  December  1-10 ^  1904. 


Feed. 

Steer  A. 

steer  B. 

Mixed  hay 

Oramt. 

3,629 

254 

761 

761 

Granu. 
3,629 

Wiiflit  bnni. . . 

180 

Com  meal.... 

..  

540 

Old-Drocees  liniwed  n»wi .... ,      . . . . 

540 
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During  October  and  November  long  hay  was  fed.  On  November 
26,  1904;  a  portion  of  the  same  hay  was  cut  for  the  digestion  trials 
and  duplicate  samples  were  taken  in  which  the  composition  of  the  dry 
matter  was  determined.  The  average  of  these  two  analyses  is  re- 
garded as  representing  the  composition  of  the  diy  matter  of  the 
hay  used  in  the  digestion  experiment  and  also  of  that  previously  fed. 

On  November  28,  when  the  feeds  were  weighed  out  for  the  diges- 
tion experiment,  a  second  sample  was  taken  in  which  only  the  loss 
in  air  drying  and  the  nitrogen  were  determined.  The  percentage  of 
moisture  in  the  dry-air  matter  has  been  computed  on'the  assumption 
that  the  nitrogen  content  of  the  dry  matter  was  the  same  as  the 
average  of  the  two  previous  samples. 

In  the  samples  of  grain  taken  during  this  period,  the  determination 
of  the  moisture  in  the  air-dry  material  was  overlooked.  The  per- 
centage given  in  Table  26  of  Part  I  is  estimated  from  that  found  in 
similar  samples  in  these  and  previous  experiments.  The  close  agree- 
ment of  the  percentages  of  total  nitrogen  in  the  dry  matter  as  com- 
puted on  this  basis  indicates  its  substantial  correctness.  It  may  be 
noted  also  that  this  error  does  not  affect  the  determination  of  the 
total  amoimt  of  nitrogen  consumed  and  therefore  does  not  affect  the 
nitrogen  balance  subsequently  computed.  On  this  basis,  the  com- 
position of  the  feeding  stuffs  used  was  as  follows: 

»    Table  202. — Composition  of  feeding  stuffs  in  digestion  trial,  December  1-10, 1904* 


Component. 


Mixed 
hay. 


Wheat 
bran. 


Com 
meaL 


Old-prch 


Uimed 
meal. 


Water 

Dry  matter 

In  dry  matter: 

Ash 

Protein 

Nonprotein^,  • 

Cruae  fiber 

Nitrogen-frew  extract 

E  ther  extract 

Estimated  nonprotein  (avers^c).. 


Percent. 
17.58 
82.42 


Ptrcenl. 
16.64 
8a.36 


Percent. 
13.61 
86.39 


PercenL 
ILa 
8&4» 


100.00 


100.00 


100.00 


8.01 
13.04 
28.27 
50.68 

1.46 


1.52 

9.66 

1.84 

86.99 

.39 


8.81 
14.94 
10.55 
65.70 

2.20 


100.00 


5.78 
30.46 

9.39 
64.37 

4.39 


The  Uve  weights  of  the  animals,  the  weights  of  water  consumed 
and  excreta  collected,  and  the  composition  of  the  dry  matter  of  the 
feces  are  contained  in  Tables  XI  and  XII  of  the  appendix.  From 
these  data  the  results  as  regards  the  digestibiUty  of  the  ration  are 
computed  in  the  following  table.  While  the  energy  of  the  feeds  and 
feces  was  not  determined,  the  results  in  the  other  three  trials  are  so 
uniform  that  it  appears  safe  to  apply  their  average  to  the  computation 
of  this  experiment.    These  averages  are: 
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Average  energy  per  gram  Sy  matter. 

Gakirles. 

Mixed  hay 4.5159 

Wheat  bran 4, 5432 

CommeaP 4.4425 

Linseed  meal 4. 8908 

Fecee 4. 7201 

Table  203. — Feed  and  excreta^  December  l-lOj  1904. 


Mixed  hay: 

Total 

Uneaten 

Eaten 

Eaten  per  day 

Wlieatbran: 

Total 

Eaten  per  day 

Com  meal: 

Total 

Eaten  per  day 

Old-processlinseed  meal: 

Total 

Eaten  per  day 

Feces: 

CoUected 

Induct 

Total 

Excreted  per  day 


Steer  A. 


Num- 
ber of 
days. 


10 


10 
10 


10 
10 


Fresh 
weight. 


Oratnt. 

36, 29a  0 

12,367.0 

24,923.0 

2,492.3 

2,540.0 
254.0 

7,6iao 

761.0 

7,6ia0 
761.0 

83,720.0 
980.0 


Dry  matter. 


Per  cent. 
82.42 
83.83 

86.39 

83.36 

88.49 

18.08 
1&08 


Gnms. 
29,910.2 
10,367.3 
19,542.9 
1,954.3 

2, 194. 3 
219.4 

6,343.7 
634.4 

6,734.1 
673.4 

15,139.1 

177.2 

15,316.3 

1,531.6 


Steer  B. 


Num- 
ber of 
days. 


10 


10 


10 


10 


10 


Frash 
weight. 


Orama, 

36,29aO 

5,086.0 

31,204.0 

312a  4 

i,8oao 
18a  0 

5,4oao 
54ao 

5,40aD 
540.0 

79,650.0 

635.0 

80,185.0 

8,01&5 


Dry  matter. 


Percent. 
82.42 
84.23 


86.39 


83.36 


88.49 


19.51 
19.51 


Oratiu. 
29,9ia2 

4,283.9 
25,626.3 

2,562.6 

1,555.0 
155.5 

4,501.4 
450.1 

4,778.6 
4n.9 

15,539.7 

104.4 

15,644.1 

1,564.4 


Table  204. — Digestibility  of  rations,  December  1-10, 1904. 


Steer  A. 

Mixed  hay 

Wheat  bran 

Com  meal 

Linseed  meal — 


Total. 
Refused — 


Feces. 


Eaten. 


Digested 

Percentage  digestibility 

Steer  B. 

Mixed  hay... 

Wheat  bran 

Corn  meal 

Linseed  meal 


Total. 
Refused — 


Feces. 


Eaten. 


Dry 
matter. 


Oramt. 

2,991.0 

219.4 

634.4 

673.4 


4, 518. 2 
1,036.7 


Ash. 


Orame. 
239.6 

19.3 
9.6 

38.9 


Organic 
matter. 


Orams. 

2,75L4 

200.1 

624.8 

634.5 


307.4 
123.6 


4,2ia8 
913.1 


3,481.5 
1,531.6 


183.8 
15L0 


3,297.7 
1,380.6 


1,949. 9 
56.01 


32.8 
17.85 


Digested 

Percentage  digestibility. 


2.991.0 
155.5 
450.1 
477.9 


4,074.5 
428.4 


3,646.1 
1,564.4 


2,081.7 
57.09 


239.6 

13.7 

6.8 

27.6 


287.7 
44.8 


242.9 
155.0 


87.9 
36.19 


1,917.1 
58.13 


Crude 
protein. 


Orama. 

390.0 
32.8 
61.2 

205.1 


680.1 
197.6 


491.5 
274.8 


216.7 
44.09 


Non- 
protein. 


Oramt. 

43.7 

4.8 

2.5 

29.6 


2,751.4 
141.8 
443.3 
450.3 


390.0 
23.2 
43.4 

145.6 


3,786.8 
383.6 


602.2 
85.4 


3,403.2 
1,409.4 


516.8 
256.2 


1,993.8 
58.59 


260.6 
5a  43 


80.6 
15 1 


655 


Crude 
fiber. 


O  ams. 

845.6 
23.1 
11.7 
63.2 


65.5 
100.00 


43.7 
3.4 
1.8 

21.0 


69.9 
6.3 


63.6 


63.6 

loaoo 


943.6 
1456 


798.0 
443.2 


Nitrogen- 
free  and 

ether 
extracts. 


Orama. 

1,5158 

144.2 

551.9 

366.2 


2,578.1 
560.9 


354.8 
44.46 


2,008.2 
662.6 


1,345.6 
67.00 


Total 
nitro- 
gen. 


Orama. 

62.5 

5.8 

laa 

37.8 


1158 
31.6 


84.2 
44.0 


40.2 
47.74 


845.6 

16.4 

8.3 

44.9 


915  2 
43.4 


871.8 
477.0 


394.8 
45.29 


1,5158 
102.2 
391.5 
259.8 


2,269.3 
254.7 


2,014.6 
676.2 


1,338.4 
66.44 


62.5 
4.1 
7.2 

26.5 


Com- 
puted 
energy. 


Caloriea. 

13,507.1 

996.  o 

2,81&3 

3,283.5 


20,6157 
4,681.6 


15,934.1 
7,229.3 


8,7018 
54.63 


13,507.1 
706.5 

1,  Ww.  v 

2,337.8 


100.3 
13.7 


86.6 
41.0 


456 
52.66 


18, 56a  5 
1,934.6 


16,615.0 
7,384.1 


9,231.8 
65.56 


1  Average  of  second  and  third  trials  only. 
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The  percentage  digestibility  of  the  total  ration  appears  low  as  com- 
pared with  the  results  obtained  in  subsequent  periods  in  which 
approximately  the  same  proportion  of  hay  and  grain  was  consumed. 
As  will  appear  subsequently,  the  nitrogen  balance  indicates  some 
serious  error  in  the  work  and  the  results  of  this  trial  should  therefore 
be  accepted  with  considerable  reserve. 

TRIAL  OF  JULY  6-15,  1905. 

The  feeding  stuffs  for  this  experiment  were  weighed  out  on  Jime  28 
and  samples  taken  at  the  same  time,  the  composition  of  which  is 
shown  in  the  following  table: 

Tablb  205. — Composilion  of  feeding  stuffs  in  digestion  trial,  July  6-16, 1905. 


Component  and  energy. 

Mixed  hay. 

Wheat 
bran. 

• 

Com  meal. 

Old-prooesii 

linseed 

meal. 

Water 

Percent. 
15.75 
84.25 

Percent. 
11.30 
8&70 

Percent. 
12.97 
87.03 

Percent. 
9.15 

Dry  matter 

90.85 

loaoo 

loaoo 

loaoo 

loaw 

In  dry  matter: 

Ash 

6.69 
12.25 

1.22 
30.30 
46.09 

3.36 

loaoo 

Calories. 
4.5040 

7.02 
12.54 

2.12 
10.13 
63.02 

5.17 

1.48 
8.22 
.61 
2.40 
83.69 
3.60 

5.67 

Protein » 

27.21 

Nonprotein  * 

2.93 

Cniae  fiber 

9.46 

Nitroeen-f ree  extract 

47.07 

Ether  extract 

7.66 

Enenrv  Der  Gram  dry  matter 

100.00 

Calories. 
4.5»41 

100.00 

Calorin. 
4.4773 

100.00 

Calories. 
4.9244 

1  Computed  from  nitrogen,  using  the  factors  stated  In  Part  III,  page  203. 

While  the  preliminary  period  covered  only  5  days,  viz,  July  1-5, 
the  daily  grain  ration  for  34  days  previous  had  differed  only  20  grams 
in  the  case  of  steer  A  and  only  5  grams  in  the  case  of  steer  B  from 
the  amounts  weighed  out  for  the  digestion  period.  For  the  same  34 
days,  the  average  hay  consumed  was,  by  steer  A,  3,120  grams,  and  by 
steer  B  2,990  grams.     The  rations  during  the  digestion  trial  were: 

Table  206. — Daily  rations  during  digestion  trial,  July  6-15,  1905. 


Feed. 


Mixed  hay 

Wheat  bran 

Com  meal 

Old-process  linseed  meal 


Steer  A. 


Gram9. 

2,800 

360 

1,080 

1,080 


Steer  B. 


Orams. 

2,  SOD 

2S5 

855 

855 
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From  the  foregoing  data  and  from  the  records  of  the  appendix,  the 
following  results  as  regards  digestibility  are  computed : 

Table  207 .—Feed  and  excreta,  July  6-15,  1905. 


Mixed  hay: 

Total 

Eaten  per  day — 
Wheat  bran: 

Total 

Eaten  per  day 

Com  meal: 

Total 

Eaten  per  day 

Linseed  meal: 

Total 

Eaten  per  day 

Feces: 

Collected 

Spilled.  July  7... 

Induct 

Total 

Excreted  per  day. 


Steer  A. 


Num- 
ber of 
days. 


10 


10 
10 


10 


9 
io' 


Fresh 
weight. 


Orama. 

28,ooao 
2,8oao 

3,600.0 
360.0 

10.800.0 
1,080.0 

10,800.0 
1,080.0 

72,99&0 


Dry  matter. 


Percent. 
84.17 


88.70 


87.03 
90.85 
19.41 


OmtM. 

23.567.6 

2,356.8 

3,193.2 
319.3 

939.9 

9,811.8 
981.2 

14,168.3 
30.0 
80.0 

14, 278. 3 
1,585.6 


Num- 
ber of 
days. 


10 
10 
10 
10 
10 


Steer  D. 


Fresh 
weight. 


Granu, 

28.ooao 
2,8oao 

2,850.0 
285.0 

8,550.0 
855.0 

8,5GaO 
855.0 

73,100.0 


Dry  matter. 


Oravu, 

23,567.6 

2,356.8 

2,527.95 
252.8 

7,441.06 
744.1 

7,767.7 
776.8 

12,141.9 


68.0 

12,209.9 

1,221.0 


Table  208. — Digestibility  of  rations,  July  6-15,  1905. 


Dry 
matter. 

Ash. 

Organic 
matter. 

Pro- 
tein. 

Non- 
protein. 

Crude 
fiber. 

NitlO. 
gen-free 
extract. 

Ether 
extract. 

Total 
nitro- 
gen. 

Energy. 

suet  A. 
TTav 

OravM. 

2,356.8 

319.3 

939.9 

981.2 

OramM. 

157.7 
22.4 
13.9 
55.6 

Orarru. 

2, 199. 1 

296.9 

926.0 

925.6 

Qranu. 

288.7 
40.0 
77.3 

267.0 

Orams. 

28.8 
6.8 
5.7 

28.7 

Orams. 

716.2 
32.3 
22.6 
92.8 

Oram*. 

1,066.2 

201.3 

786.6 

461.9 

Oram*. 
79.2 
16.5 
33.8 
75.2 

GrafM. 

52.3 

8.5 

14.0 

53.5 

Calories. 
10,827.1 

tt  ^    

Bran 

1,463.7 

Com  meal 

Linseed  meal. . . 

• 

4,208.2 
4,831.8 

Total 

Feces 

4.597.2 
1,585.3 

249.6 
153.1 

4,347.6 
1,432.2 

673.0 
270.0 

70.0 

»>3.9 
530.5 

2.536.0 
578.6 

204.7 
47.1 

128.3 
43.2 

21,330.8 
7,574.2 

Digested. 
PercentaJRo  di- 
gestiblUty.... 

3,011.9 
65.52 

96.5 
38.66 

2,915.4 

67.06 

403.0 
59.88 

70.0 
100.00 

327.4 
37.90 

1,957.4 
77.18 

157.6 
76.99 

85.1 
66.33 

13,756.6 
64.49 

SUer  B. 
Hay 

2,356.8 
252.8 
744.1 
776.8 

157.7 
17.7 
11.0 
44.0 

2,199.1 
235.1 
733.1 
732.8 

288.7 
31.7 
61.2 

211.4 

28.8 
5.4 
4.5 

22.8 

716.2 
25.6 
17.9 
73.5 

1,08(1.2 
159.3 
622.7 
365.6 

79.2 
13.1 
26.8 
59.5 

52.3 

6.7 

11.1 

42.3 

10,827.1 

^^•»j  ............ 

Bran 

1,158.0 

Com  meal 

Linseed  meal . . 

3,331.6 
3,825.8 

Total 

Feces.......... 

4,130.5 
1,221.0 

230.4 
117.9 

3.900.1 
1,103.1 

593.0 
244.0 

61.5 

833.2 
384.7 

2,233.8 
437.6 

178.6 
36.8 

112.4 
39.0 

10,142.9 
5,852.1 

Digested. 
Percentage  di- 
gesUbility.... 

2,909.5 
70.44 

112.5 
48.83 

2,797.0 
71.72 

340.0 
58.85 

61.5 
100.00 

448.5 
53.83 

1,798.2 
80.41 

141.8 
79.40 

73.4 
65.30 

13,290.8 
69.43 

92946^— Bull.  128—11 1? 
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TBIAL  OF  NOYBMBBR  lS-22,   1905. 

The  grain  for  tois  trial  was  weighed  out  and  sampled  November  4 
and  the  hay  on  November  6.  The  feeding  began  November  8,  and 
the  collection  of  excreta  on  November  13.  The  rations  consumed 
were  as  follows: 

Tablb  209. — Daily  raiiona  during  digestion  trial,  November  lS-i2,  1905, 


Feed. 

RteerA. 

Steer  B. 

Mixed  hay 

OmrnM. 

3,440 

360 

1,060 

1,080 

Qrmvu. 

3,600 

W  heftt  biin 

285 

Com  meal 

8.V5 

ytrw.procw  i*nf«»d  meal 

855 

PracticaUy  the  same  amount  of  the  same  grain  mixture  (2,500 
grams)  had  been  fed  daily  since  the  previous  digestion  experiment  in 
July.  After  the  use  of  green  crops  during  the  summer  had  been  dis- 
continued the  animals  received  hay  beginning  October  6,  the  average 
amounts  consumed  daily  up  to  November  8  being,  steer  A,  3,300 
grams;  steer  B,  3,130  grams. 

The  composition  of  the  feeding  stuffs  is  shown  in  the  foUowing 
table: 

Tablb  210?— Cowi;)o«fion  of  feeding  stuffs  in  digestion  trials  November  13-22, 1905. 


Component  and  energy. 

ICIxed 
hay. 

Wheat 
bran. 

Com 
meal. 

New- 

proces 

linseed 

meal. 

Water 

PereerU. 
12.37 
87.63 

Percent, 
12.34 
87.66 

Percent, 
12.97 
87.03 

Percent. 
9  48 

Dry  matter 

90.52 

100.00 

100.00 

100.00 

100.00 

In  dry  matter: 

Ash 

6.08 
8.26 
2.14 
81.70 
48.83 
8.09 

7.06 
13.88 

2.32 

9.70 
63.58 

8.94 

1.89 
8.99 

aso 

2.27 

84.14 

2.91 

4.91 

Protein  1 

29  87 

Nonprotein  * 

S.58 

Cruoe  fiber 

8  00 

Nttrogen-free  extract 

62.15 

Ether  extract 

1.49 

Knergy  per  irram  dry  matter .  > 

loaoo 

QiioHet. 
4.5005 

loaoo 

OaImie$. 

4.5068 

loaoo 

Qdories, 
4.4077 

100.00 
4.7838 

1  Computed  ftrom  nitrogen,  using  the  (aotors  stated  in  Part  UI,  page  203. 
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Table  211. — Feed  and  excreta,  November  13-22,  1905, 


TbnoUiy  hay: 

Total 

Eaten  per  day 

Wheat  bran: 

Total 

Eaten  per  day 

Com  meal: 

Total 

Eaten  per  day.... 
Linseed  meal: 

Total 

Eaten  per  day 

Feces: 

Collected 

In  duct 

Total 

Excreted  per  day. 


Steer  A. 


Num- 
ber of 
days. 


10 


10 
10 


10 
10 


Fresh 
weight. 


GfmiiM. 

34,400.0 

3,440.0 

3,600.0 
360.0 

10,800.0 
1,060.0 

10,800.0 
1,060.0 

108,170.0 


10,317.0 


Dry  matter. 


PereeiU, 
87.63 


87.66 
87.08 


90.52 
16.93 


Qramt. 

30,144.4 

8,014.4 

3,156.8 
315.6 

",  wvv.  7 

940.0 

9,776.4 
977.6 

17,470.8 

134.8 

17,605.6 

1,760.6 


Steer  B. 


Num- 
ber of 
days. 


10 


10 
10 


10 


9 
10 


Fresh 
weight. 


Oram*. 

36,000.0 

3,600.0 

2,860.0 
286.0 

8,650.0 
866.0 

8,650.0 
866.0 

76,680.0 


Dry  matter. 


PerctnL 
87.63 


87.66 
87.03 


9a  62 
19.84 


Oramt. 
81,546.4 
3,154.6 

2,498.3 
249.8 

7,441.4 
744.1 

7,789.6 
774.0 

14,997.3 

65.6 

16,052.8 

1,672.0 


Table  212. — Digestibility  of  rations,  November  13^22,  1905. 


Dry 
matter. 

Ajh. 

Organic 
matter. 

Pro- 
tein. 

Non- 
protein. 

Cnide 
fiber. 

Nitro- 
gen-free 
extract. 

Ether 
extract. 

Total 
nitro- 
gen. 

Energy. 

aUerA. 

Timothy  hay. . 

Wheat  bran 

Com  meal 

Linseed  meal... 

QratM, 

3,014.4 

816.6 

940.0 

977.6 

Oram: 

180.4 

22.4 

13.1 

48.0 

QroMS. 

2,834.0 

293.2 

926.9 

929.6 

QraTM, 

249.1 

42.2 

84.6 

292.0 

QratM, 

64.4 

7.8 

2.8 

35.0 

Chamt, 

965.4 

80.6 

21.3 

78.2 

QrarM. 

1,472.1 

200.7 

791.0 

509.8 

OmvM. 
93.0 
12.4 
27.3 
14.6 

Oramt. 

47.2 

9.0 

14.7 

60.6 

Calorie: 
13, 566. 3 
1,422.0 
4,143.2 
4,676.6 

Total 

Feces 

6,247.6 
1,760.6 

263.9 
178.0 

4,983.7 
1,682.6 

667.8 
261.2 

109.6 

1.065.6 
465.1 

2,973.6 
816.6 

147.3 
39.8 

131.4 
41.8 

23,806.1 
8,198.2 

Digested. 

Percentage  dl- 

gestlbUity.... 

3,487.0 
66.45 

85.9 
32.55 

3,401.1 
68.24 

406.6 
60.89 

109.6 
100.00 

620.4 
57.16 

2,157.1 
72.54 

107.6 
72.98 

89.6 
68.19 

15,609.9 
65.66 

aturB, 

Timothy  hay... 

Wheat  bran 

Com  meal 

Linseed  meal... 

3,154.6 
249.8 
744.1 
774.0 

188.7 
17.7 
10.4 
38.0 

2,966.9 
232.1 
733.7 
736.0 

260.7 
33.4 
66.9 

231.2 

67.4 
6.8 
2.2 

27.7 

999.9 
24.2 
16.9 
61.9 

1,540.6 
158.8 
626.1 
403.7 

97.4 

9.8 

21.6 

11.6 

49.8 

7.1 

11.6 

47.9 

14,197.3 
1,125.5 
3,279.8 
3,702.7 

TotaL.... 
Feces 

4,922.6 
1,672.0 

254.8 
170.6 

4,667.7 
1,501.4 

692.2 
229.1 

103.1 

1,102.9 
487.2 

2,729.1 
746.4 

140.4 
38.7 

115.9 
36.7 

22,306.3 
7,739.6 

Digested. 
Percentage  dl- 
gestlblUty.... 

3,260.5 
66.03 

84.2 
33.05 

3,166.8 
67.83 

363.1 
61.31 

103.1 
100.00 

615.7 
56.83 

1,982.7 
72.66 

101.7 
72.44 

79.2 
68.38 

14,566.7 
65.30 
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TRIAL  OF  JUNB  27-JULY  6, 1906. 

The  grain  for  the  digestion  trial  was  weighed  out  on  June  16  and  the 
hay  on  June  18,  the  composition  of  the  samples  taken  at  that  time 
being  as  shown  in  the  table  below.    The  amounts  consumed  daily  were: 

Table  213. — Daiiy  rations  during  digestion  trials  June  tJ-Jvly  6,  1906. 


Feed. 


Mixed  hay 

Wheat  bran 

Corn-and-cob  meal 

Old-process  linseed  meal . 


Steer  A. 


steer  B. 


Onm». 

Onwu. 

5,120 

4.060 

635 

460 

1,905 

L.-tSO 

635 

460 

The  feeding  of  this  exact  ration  was  begun  on  June  20.  The  daily 
grain  ration,  however,  had  been  the  same  in  amoimt  since  June  1  and 
during  the  same  time  the  daily  hay  consumed  was  by  steer  A  4,980 
grams,  and  by  steer  B  4,000  grams. 

Table  214. — Compotition  of  feeding  Bluffs  in  digestion  trial,  June  27- July  6,  2906. 


Component  and  energy. 

Mixed  hay. 

Wheat 
bran. 

Com-and- 
oobmeaL 

Old-procen 

Unseed 

meaL 

Water 

Percent. 
13.29 
86.71 

Percent. 
13.44 
80.56 

Percent. 
13.87 
86.13 

PereenL 
11.05 

Dry  matter 

88.05 

100.00 

100.00 

100.00 

100.00 

In  dry  matter: 

Ash 

7.12 
11.14 

1.20 
30.04 
47.01 

2.50 

7.56 
14.66 

2.15 

0.65 
61.07 

5.01 

1.76 
8.54 
.26 
8.41 
77.14 
3.80 

5.62 

Protein » 

26.05 

Nonprotein  * 

aee 

Cnicfe  fiber 

9.00 

Nitrogen-free  extract 

44.56 

Ether  extract 

8.02 

Enenry  per  eram  dry  matter 

100.00 

Oaloria. 
4.4531 

100.00 

QUoriee. 
4.5397 

100.00 

Oaioria. 
4.5333 

100.00 

Qtloriee. 
4.9642 

1  Computed  from  nitrogen,  using  the  factors  stated  In  Part  III,  page  203. 
Table  2lb.— Feed  and  excreta,  June  27- July  6,  1906. 


Mixed  hay: 

Total 

Eaten  per  day 

Wheat  bran: 

Total 

Eaten  per  day 

Com  meal: 

Total 

Eaten  per  day 

Linseed  meal: 

Total 

Eaten  per  day 

Feces: 

CoUected 

Induct 

Total 

Excreted  per  day. 


Steer  A. 


Num- 
ber of 
days. 


10 


10 
10 


10 
10 


Fresh 
weight. 


Orame. 

51,200.0 

5,120.0 

6,350.0 
635.0 

19,050.0 
1,905.0 

6,350.0 
635.0 

167,506.0 

1,913.0 

100,418.0 

16,941.8 


Dry  matter. 


Percent. 
86.71 


86.56 


8&13 


88.05 


14.42 
14.42 


Oranu. 

44,394.0 

4,439.4 

5,496.4 
549.6 

16,406.8 
1,610.7 

5,591.4 
550.1 

24,160.9 

275.8 

24,436.7 

2,443.7 


Steer  B. 


Num- 
ber of 
days. 


10 


10 
10 


10 
10 


Fresh 
weight. 


OrafM. 

40,800.0 

4,080.0 

4,600.0 
400.0 

13,800.0 
1,380.0 

4,600.0 
460.0 

94,045.0 

934.0 

94,979.0 

9,497.9 


PrymaUcr. 


Percent. 
86.71 


86.56 


86.13 


88.05 


19.66 
18.31 
37.06 


Orams. 
35.376.5 
3,537.7 

3,081.6 
398.2 

11,885.3 
1,188.5 

4,06a5 
405.0 

18,478.9 

171.0 

18,649.9 

1,864.9 
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Table  2ie,-^IHges(ibUity  of  raHom,  June  iJ-JtUy  6,  1906. 


Dry 
matter. 


Aflh. 


Organic 
matter. 


Pro. 
tein. 


Non- 
protein. 


Crude 
fiber. 


Nitio- 
gen-free 
extract. 


Ether 
extract. 


Total 
nitro- 
gen. 


Energy. 


Steer  A, 

Mixed  hay 

Wheat  bran 

Corn  chop 

Linseed  meal... 

Total 

Feces 

Digested. 
Percentage  di- 
gestibility.... 

Steer  B. 

Mixed  hay 

Wheat  bran 

Com-and-cob 

meal 

Linseed  meal... 

Total 

Feces 

^  Digested. 

Percentage  di- 
gestibUlty.... 


Orom*. 
4,439.4 

649.6 
1,640.7 

659.1 


Oramt. 

816wl 
41.5 
28.9 
81.4 


Chume. 
4,123.3 

508.1 
1,611.8 

627.7 


Cfrajnt, 
494.5 
80.0 
140.1 
145.6 


Qranu, 

63.3 

11.8 

4.3 

37.2 


GmfM, 

1,333.6 

63.0 

138.0 

50.8 


2,126.9 
335.8 

1,265.6 
249.3 


Qrama, 

115.0 

27.5 

63.8 

44.8 


Oramt. 
90.5 
16.6 
24.2 
34.4 


QUories. 
19,769.1 
2,495.0 
7,421.4 
2,775.5 


7,188.8 
2,443.7 


417.9 
226.5 


6,770.0 
2,217.2 


860.2 
40b.  8 


106.6 


1,575.4 
703. 4 


3,977.6 
987.6 


251.1 
56.4 


165.7 
65.6 


32,461.0 
11,436.3 


4,745.1 
66.01 


191.4 
45.80 


4,553.7 
67.25 


450.4 
52.36 


106.6 
100.00 


812.0 
51.54 


2,990.0 
75.17 


194.7 
77.54 


100.1 
60.41 


21,024.7 
64.77 


3,537.6 
396.2 

1,188.5 
405.0 


261.9 
30.1 

20.9 
22.8 


3,285.7 
368.1 

1,167.6 
382.2 


394.1 
68.0 

101.6 
106.5 


42.5 
8.6 

3.1 
27.0 


1,062.7 
38.4 

100.0 
36.8 


1,694.8 
243.2 

016.8 
180.4 


91.6 
19.0 

46.2 
32.6 


72.1 
12.0 

17.6 
24.9 


15,753.3 
1,807.7 

5,375.9 
2,010.5 


5,529.3 
1,864.0 


325.7 
179.6 


5,203.6 
1,685.3 


3,664.4 
66.27 


146.1 
44.86 


3,518.3 
67.61 


659.1 
278.2 


81.2     1,237.9 
678.1 


380.9 
67.79 


81.2 
100.00 


3,035.2 
780.4 


190.2 
48.6 


126.6 
44.5 


24.947.4 
8,884.2 


669.8 
53.30 


2,254.8 
74.29 


141.6 
74.46 


82.1 
64.85 


16,063.2 
64.30 


NITROGEN   BALANCES. 

During  the  several  digestion  trials  described  above,  the  urine  of  the 
animals  was  also  collected  quantitatively  and  its  percentage  of  nitro- 
gen, and  in  two  cases  its  content  of  potential  energy,  determined. 
Table  XI  of  the  appendix  records  the  daily  excretion  in  each  period 
and  the  corresponding  amounts  of  nitrogen.  In  the  first  three  trials 
the  aitiount  of  nitrogen  excreted  was  determined  by  an  analysis  of  a 
composite  sample  made  by  taking  one-fiif  tieth  of  the  amount  excreted 
each  day.  In  the  fourth  trial,  a  nitrogen  determination  was  made  in 
each  daily  sample,  a  check  determination  being  also  made  upon  a 
composite  sample  taken  as  above  described.  The  close  agreement  of 
the  results  obtained  by  the  two  methods  attests  the  accuracy  of  the 
work  and  indicates  that  the  results  obtained  in  the  three  previous 
trials  are  in  all  probability  substantially  accurate. 

It  is  evident,  however,  that  there  is  some  undiscovered  source  of 
error  in  the  first  of  these  trials.  The  animals  were  transferred  from 
the  bam  to  the  calorimeter  building  very  shortly  before  the  beginning 
of  the  digestion  period,  and  during  the  entire  period  were  apparently 
somewhat  disturbed  by  their  new  surroundings  and  failed  to  eat  a 
normal  amount.  This  was  especially  the  case  with  steer  A,  as  shown 
by  the  large  uneaten  residues,  consisting  in  part  of  grain  as  well  as  of 
hay.  Even  after  making  all  allowance  for  this  disturbing  element, 
however,  the  percentage  digestibiUty  in  both  cases,  as  already  noted, 
seems  abnormally  low,  while  the  nitrogen  balance  shows  such  a  large 
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loss  of  nitrogen  from  the  body  as  to  raise  a  suspicion  of  some  midish 
covered  error  in  weighing  or  analysis.  While  no  such  error  is  apparent 
upon  the  face  of  the  records,  it  is  evident  nevertheless  that  the  results 
of  this  experiment  must  be  looked  upon  with  considerable  suspicion. 

In  the  digestion  trial  of  Jime  27  to  July  6,  1906,  the  records  show 
that  the  daily  excretion  of  urinary  nitrogen  increased  toward  the  end 
of  the  trial  with  both  animals,  suggesting  the  influence  of  some  exter- 
nal cause,  although  none  was  apparent.  It  is  possible,  therefore,  that 
the  computed  gains  of  protein  in  this  trial  are  too  small. 

The  data  for  nitrogen  do  not  include  determinations  of  that  con- 
tained in  the  growth  of  epidermal  tissue,  while  in  the  respiration 
calorimeter  experiments  the  latter  was  determined  and  entered  sepa- 
rately in  the  nitrogen  balance.  Obviously  this  is  the  proper  method, 
since  the  growth  of  these  tissues  goes  on  more  or  less  independently 
of  the  state  of  nutrition  of  the  animal,  and  the  immediate  effect  of  the 
feed  is  more  accurately  measured  by  the  gain  or  loss  of  the  other 
nitrogenous  tissues. 

The  average  amoimt  of  nitrogen  in  the  daily  growth  of  epidermal 
tissue  in  the  three  series  of  respiration  calorimeter  experiments  as 
determined  and  also  as  computed  to  the  uniform  live  weight  of  500 
kilograms  in  proportion  to  the  relative  surfaces  of  the  animal,  that  is, 
to  the  two-thirds  power  of  the  live  weight,  was  as  follows: 

Tablb  217. — Nitrogen  in  average  daily  growth  of  epidermal  tiatue  in  respiraHon 

catorimeter  experiments. 


1905. 
1906. 
1907. 


Average. 


Steer  A. 


Avenge 

Uve 
wei^t.1 


JHZm. 

274.0 
407.6 
509.7 


Nitrogen. 


Perhe^l. 


Onmt. 
1.74 
1.62 
1.90 


Per  500 

kOosUye 

weight. 


Orams. 

2.60 
1.86 
1.88 


Steer  B. 


live 
weiglit.1 


194.8 
303.1 
379.4 


Zll 


Nitrageo. 


Per  head. 


Ormma. 
1.17 
1.30 
1.74 


Per  500 

wel^t. 


Orama. 

2.19 
1.S2 
2.09 


2.03 


1  Mean  of  the  averages  computed  for  each  of  the  respiration  calorimeter  experiments  sepaimtcij. 

Applying  the  average  figure  of  2.07  grams  per  500  kilograms  live 
weight  for  the  nitrogen  in  the  epidermal  tissue  to  the  live  weights 
of  the  animals  in  the  metabolism  trials,  we  may  compute  the  average 
nitrogen  in  their  daily  growth  of  epidermal  tissue  as  follows: 
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Table  218. — Computed  nitrogen  in  daily  growth  of  epidermal  Hnue  in  digution  tridU. 


Periods. 


Steer  A. 


Average 

live 
weight. 


Dec.  1  to  10,1904 

July  6  to  15, 1905 

Nov.  13  to  22.  1905.... 
June  27  to  July  6, 1906 


Kilot. 
278.3 
312.3 
379.3 
451.4 


Nitrogen 
per  head. 


1.40 
1.51 
1.72 
LOS 


Steer  B. 


Average 

Uve 
weight. 


215.5 
232.4 
288.0 
34a9 


Nitrogen 
per  head. 


Oramt. 
1.18 
1.24 
1.43 
160 


Including  the  foregoing  estimates,  the  nitrogen  balances  in  these 
trials  are  as  follows : 


Table  219. — Nitrogen  balance  per  day  and  head  in  digestion  trials. 


Dec.  1-10, 1904. 

Jal7&-15,1906. 

Nov.  18-22, 1905. 

Ji]ne27-Jal76w 
1906. 

Nitro- 
gen of 
feed. 

Nitro- 
gen of 
excreta. 

Nitro- 
gen of 
feed. 

Nitro- 
gen of 
excreta. 

Nitro- 
gen of 
feed. 

Nitro- 
gen of 
excreta. 

Nitro- 
gen of 
feed. 

Nitro- 
gen of 
excreta. 

Steer  A. 
Mf  xfwl  iiay , . , 

Orams. 

62.5 

5.8 

10.2 

37.3 

Orame. 
"si.e" 

44.0 

78.5 

1.4 

OraTM. 

52.3 

8.5 

14.0 

53.5 

Gram*. 

Chrame. 

47.2 

9.0 

14.7 

60.5 

Oraiiu. 

Orame. 
90.5 
16.6 
24.2 
34.4 

Omtne. 

Wheat  bran 

Com  meal 

Linseed  meal 

Uneaten  feed 

Feces 

43.2 

79.1 

1.5 

4.4 

41.8 

85.0 

1.7 

2.9 

"'ilh' 

65.6 

Urine 

199.7 

TTair  and  brn^hinM  (nstfmatAd) . 

1.9 

Balance 

39.7 

155.5 

155.5 

128.2 

128.2 

131.4 

131.4 

167.2 

167.3 

Steer  B, 
Mixffd  bay , 

62.5 
4.1 
7.2 

2&5 

"'is.?' 

41.0 

69.8 

1.2 

52.3 

6.7 

11.1 

42.3 

49.3 

7.1 

11.6 

47.9 

72.1 
12.0 
17.6 
24.9 

Wheat  bian 

Com  meal 

l.lni^Ad  mAAl 

Uneaten  feed 

Feces 

39.0 

65.9 

1.2 

6.3 

36.7 

72.4 

1.4 

5.4 

44.6 

Urine 

«77.9 

TU^^r  and  bnisbfnps  ffi!stimat*Kl) 

1.6 

25.4 

2.6 

125.7 

125.7 

112.4 

112.4 

115.9 

115.9 

126.6 

126.6 

1  The  records  of  both  steers,  but  especially  of  steer  A,  show  increase  of  urinary  nitrogen  in  later  days 
of  period. 


PABT  m.  EXPEBIMEHTAL  METHODS. 

For  the  convenience  of  the  reader,  and  to  avoid  needless  repetitions 
in  the  body  of  the  article,  the  following  summary  of  the  experimental 
methods  used  in  these  investigations  is  presented: 

RECORDS  OF  AKDCALS. 

The  quantitative  collection  of  the  excreta  in  the  respiration  calo- 
rimeter experiments  and  also  in  the  digestion  and  metabolism  trials 
was  conducted  in  the  special  stalls  contained  in  the  respiration  calo- 
rimeter building.  In  the  respiration  calorimeter  experiments  each 
period  covered  three  weeks,  of  which  the  first  1 1  days  were  regarded 
as  the  preliminary  feeding.  During  the  larger  part  of  the  latter 
the  animals  were  kept  in  the  bam  of  the  experiment  station, 
partly  in  a  box  stall  and  in  part  in  an  open  yard  where  no  feed  was 
accessible,  the  object  being  to  allow  more  freedom  of  motion  and  to 
maintain  tlieir  health.  In  some  cases,  as  shown  in  the  account  of  the 
experiments,  a  transition  feeding  was  introduced  between  two  periods, 
which  lengthened  the  time  spent  at  the  barn  by  a  week-  The  diges- 
tion trials  included  in  the  intermediate  feeding  periods  were  made  as 
nearly  as  possible  upon  the  average  ration  of  the  preceding  month, 
and  consequently  only  a  short  preliminary  feeding  was  observed. 

Live  weight. — Except  on  the  days  of  the  respiration  calorimeter 
experiments,  the  weights  of  the  animals  were  taken  at  1  p.  m.,  24 
hours  after  the  last  watering,  on  scales  sensitive  to  about  0.1  kilogram. 

Water  consumed. — Water  at  a  temperature  of  15*^-16®  C.  was  oflFered 
once  daily,  immediately  after  weighing,  the  amount  not  being  limited. 
Immediately  after  drinking,  the  animals  were  reweighed,  the  difference 
between  the  two  weighings  being  regarded  as  representing  the  water 
consumed. 

Rectal  temperature. — ^The  rectal  temperature  was  taken  immediately 
before  watering  and  also  inmiediately  before  entering  and  after  leav- 
ing the  calorimeter. 

Measurements. — ^The  measurements  recorded  in  Table  I  of  the 
appendix  were  taken  by  means  of  a  tape  line  and  calipers.  They  were 
not  of  the  highest  degree  of  accuracy,  but  it  is  thought  that  they  were 
sufficiently  exact  for  the  purpose,  which  was  to  give  a  general  picture 
of  the  rate  of  increase  in  the  size  of  the  two  animals. 

FEEDING   STUFFS. 
QRAIS. 

The  total  supply  of  each  grain  required  for  a  period  waa  thor- 
oughly mixed  and  the  entire  quantity  spread  out  in  a  thin  layer  on  a 
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tight  floor.  It  was  then  divided  in  quarters  and  the  two  opposite 
quarters  of  the  mass  removed,  care  being  taken  to  secure  all  of  the 
material.  The  portion  thus  taken  was  thoroughly  mixed  and  resam- 
pled  in  the  same  way,  the  operation  being  repeated  as  many  times 
as  necessary  to  secure  a  manageable  sample.    Usually  not  less  than 

1  to  2  kilograms  were  taken  as  a  final  sample.  This  sample  served 
for  the  determination  of  the  composition  of  the  dry  matter  of  the 
grain. 

HAT. 

With  the  exception  of  the  first  two  months  (October  and  November, 
1904),  cut  hay  was  used  on  account  of  the  greater  convenience  of 
handling  and  greater  accuracy  of  weighing  out  and  sampling.  For 
this  purpose  a  suitable  quantity  was  cut  up  at  one  time,  thoroughly 
mixed,  and  stored.  In  most  instances,  and  always  in  the  respiration 
calorimeter  experiments,  samples  were  taken  at  the  time  when  the 
hay  was  cut  up.  In  some  other  cases  samples  were  taken  only  as 
the  hay  was  being  fed  out  for  the  digestion  trials. 

Special  care  was  taken  to  secure  a  uniform  quaUty  of  hay  in  the 
several  respiration  calorimeter  experiments  of  the  same  year.  To 
this  end,  a  stock  more  than  suflicient  for  all  the  anticipated  experi- 
ments was  prepared  at  the  outset.  The  method  employed,  which 
was  substantially  that  followed  also  in  the  preparation  of  the  stock 
used  for  the  digestion  and  metabolism  trials,  was  as  follows : 

The  entire  amount  (1,000  to  2,000  kilograms)  was  cut  in  lengths 
of  4  to  6  centimeters.  The  mass  of  cut  hay  was  thoroughly 
mixed  with  scoop  shovels  upon  a  tight  floor  and  then  spread  out 
evenly  in  a  mass  0.5  to  1  meter  deep.  A  narrow  ditch  was  then 
cut  diagonally  through  the  mass,  the  hay  thus  removed  being  set 
aside.  A  second  ditch  was  then  cut  through  at  right  angles  to  the 
first,  and  the  material  thus  obtained  also  set  aside.  In  all  cases  care 
was  taken  to  secure  the  material  down  to  the  floor,  including  the 
finer  particles.  Each  of  the  two  large  samples  thus  secured  was 
thoroughly  mixed,  spread  out  on  a  tight  floor,  and  subsampled  by  the 
method  of  quartering  as  already  described  for  the  grain,  the  process 
being  repeated  as  often  as  necessary  to  secure  a  manageable  sample. 
The  sample  was  chopped  rather  fine  in  a  meat  chopper  and  resampled, 

2  to  3  kilograms  being  finally  taken  to  the  laboratory  for  determina- 
tion of  the  composition  of  the  dry  matter. 

WEIGHING  OUT  AND   SAMPLING  RATIONS. 

The  daily  rations  for  each  respiration  calorimeter  period  or  diges- 
tion trial  were  weighed  out  in  advance  for  the  whole  time,  the  hay  in 
cloth  bags  and  the  grain  in  closed  receptacles,  lard  pails  being  usually 
employed.  In  this  way  it  was  insured  that  the  animals  should  receive 
a  uniform  amount  of  dry  matter  each  day.     In  weighing  out  the  hay, 
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the  material  was  taken  from  the  side  of  the  pile,  care  being  taken  to 
secure  all  of  it  down  to  the  floor.  As  each  bag  or  other  receptacle 
was  filled  a  small  portion  was  laid  aside.  As  soon  as  the  weighing 
out  was  finished  the  samples  thus  obtained  were  mixed  and  subsam- 
pled  if  necessary,  the  work  being  done  as  expeditiously  as  possible  to 
prevent  gain  or  loss  of  moisture  and  the  final  samples  being  taken 
to  the  laboratory  in  closed  vessels.  The  results  of  each  period  were 
based  upon  the  composition  of  the  samples  taken  for  that  period, 
the  results  on  the  two  general  samples  serving  as  a  check. 

The  stalls  are  so  arranged  as  to  prevent  scattering  of  feed  by  the 
animals.  When  small  uneaten  residues  were  left  they  were  dried  and 
fed  back  on  the  succeeding  day.  Larger  residues,  of  which  there 
were  relatively  few,  were,  of  course,  weighed,  sampled,  and  analyzed. 

VISIBLE   EXCRETA. 
FECES. 

The  feces  were  collected  by  means  of  the  rubber  duct  mentioned  in 
previous  publications  and  originally  described  in  Bulletin  42  of  the 
Pennsylvania  Experiment  Station.  The  total  excretion  was  weighed 
at  the  end  of  each  24  hours.  Feces  adhering  to  the  duct  were  scraped 
or  washed  off  at  the  close  of  the  period  and  their  dry  matter  deter- 
mined, it  being  assumed  that  the  composition  of  the  latter  was  the 
same  as  that  of  the  feces  collected.  Any  material  spUled  was  scraped 
up,  but  few  such  instances  occurred. 

A  uniform  aliquot  sample  of  the  fresh  feces  was  set  aside  daily  in 
a  closed  zinc  can,  a  little  carbon  bisulphid  being  added  as  a  preserva- 
tive. At  the  close  of  the  experiment  the  sample  thus  obtained  was 
thoroughly  mixed  and  constituted  the  sample  for  analysis.  No  daily 
analyses  of  the  feces  were  made  in  these  experiments. 

URINE. 

The  urine  was  collected  by  means  of  an  ordinary  urine  funnel. 
The  latter  was  rinsed  out  with  water  at  the  end  of  each  24  hours  and 
the  weight  of  the  combined  urine  and  wash  water  taken.  No  pre- 
servative was  used  in  the  receptacle,  no  indication  of  a  necessity  for  it 
appearing. 

A  uniform  aUquot  sample  of  the  urine  was  taken  daily  after  thorough 
shaking,  and  these  aliquots  were  mixed  to  form  a  composite  sample 
which  was  preserved  by  the  use  of  chloroform.  With  the  exception 
of  the  respiration  calorimeter  experiments  of  1905  and  of  the  first 
3  digestion  and  metabolism  trials,  a  daily  sample  of  the  urine  was 
also  taken  for  determination  of  total  nitrogen.  Any  urine  spilled 
was  taken  up  as  completely  as  possible  by  means  of  sponges  and  dis- 
tilled water,  and  a  nitrogen  determmation  made  on  the  recovered 
material  as  a  basis  for  a  correction. 
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ANALYTICAL  METHODS. 
FEEDS  AND  FECES. 


Partial  drying, — The  necessary  preliminary  drying  was  conducted 
by  spreading  the  material  out  on  trays  and  exposing  it  in  a  drying 
closet  to  a  current  of  air  which  passed  over  a  steam  coil,  the  tempera- 
ture of  the  closet  being  about  60°  C.  When  thoroughly  dry,  the 
material  was  exposed  to  the  air  of  the  grinding  room,  properly  pro- 
tected, for  two  or  three  days.  It  was  then  weighed,  an  especially 
dry  or  damp  day  being  avoided,  and  the  material  ground  as  rapidly 
as  possible  and  preserved  in  sealed  glass-stoppered  bottles. 

Dry  matter. — In  the  experiments  of  1905  the  dry  matter  was  deter- 
mined by  exposure  to  the  temperature  of  boiling  water,  this  being  the 
method  recommended  by  the  Association  of  Official  Agricultural 
Chemists.*  Subsequent  to  that  time,  the  dry  matter  was  determined 
by  drying  at  ordinary  temperature  in  a  high  vacuum  substantially 
by  the  method  described  by  Benedict  and  Manning.' 

Ash. — The  figures  reported  for  the  ash  refer  to  crude  ash  as  deter- 
mined by  incineration  at  a  low  red  heat. 

Crude  fiber. — The  crude  fiber  was  determined  by  the  Weende 
method,  following  strictly  the  directions  approved  by  the  Association 
of  Official  Agricultural  Chemists.* 

Ether  extras. — The  ether  extract  was  obtained  by  extracting  the 
dry  feed  with  anhydrous  sulphuric  ether,  the  extract  being  dried  and 
weighed. 

Nitrogen. — ^The  total  nitrogen  was  determined  by  the  Kjeldahl 
method,  using  mercury  as  a  catalyser.  The  total  nitrogen  in  the 
sample  of  fresh  feces  was  determined  by  Konig's  method.  Protein 
nitrogen  was  determined  by  precipitation  with  copper  hydrate,  sub- 
stantially according  to  Stutzer,  as  recommended  by  the  Association 
of  Official  Agricultural  Chemists.* 

Protein  was  computed  from  the  protein  nitrogen  by  multiplying 
by  the  following  factors:  For  wheat  bran,  5.7;  com  meal,  6;  linseed 
meal,  5.5;  hay,  6.25;  feces,  6.25.  For  the  nonprotein,  in  the  absence 
of  any  better  data,  the  factor  for  asparagin,  4.7,  was  applied  to  the 
nonprotein  nitrogen. 

Carbon  and  hydrogen. — Carbon  and  hydrogen  were  determined  by 
combustion  with  copper  oxid  with  the  addition  of  a  little  lead  chro- 
mate  in  a  current  of  pure  air,  finishing  with  oxygen.  The  water  was 
absorbed  in  a  Winkler  spiral  containing  sulphuric  acid,  followed  by 
a  U  tube  containing  pumice  stone  drenched  with  sulphuric  acid  and 
the  carbon  dioxid  in  a  U  tube  containing  soda  lime  followed  by  one 
containing  pumice  stone  and  sulphuric  acid. 

1  U.  S.  Dept.  Agr.,  Bureau  of  Chemistry,  Bulletin  107. 
s  Amer.  Jour.  Physiol.,  18*  300;  18,  213. 
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Energy. — ^The  energy  content  was  determined  by  means  of  the 
Berthelot-Hempel  bomb  as  modified  by  Atwater.  TTie  details  of  the 
methods  employed  have  been  fully  described  in  previous  bulletins.* 

URINE. 

Nitrogen. — Nitrogen  was  determined  in  the  fresh  urine  by  the 
Kjeldahl  method  as  described  for  feeding  stuffs. 

Drying. — It  was  of  course  necessary  to  dry  the  mine  for  the  deter- 
mination of  carbon,  hydrogen,  and  energy.  In  this  drying  some 
losses  are  unavoidable.  For  the  determinations  of  carbon  and 
hydrogen  the  urine  was  dried  in  a  platinum  boat  at  60°  C.  in  a  current 
of  air,  this  air  current  being  purified  by  passing  over  sulphuric  acid 
and  soda  lime.  After  passing  over  the  substance  the  air  current 
passed  through  standard  acid,  then  through  a  sulphuric-acid  drying 
bottle,  followed  by  a  U  tube  containing  pumice  stone  and  sulphuric 
acid,  and  finally  through  a  soda-lime  tube  followed  by  a  sulphuric- 
acid  tube.  The  carbon  of  the  carbon  dioxid  and  the  hydrc^en  of 
the  ammonia  given  off,  as  thus  determined,  were  added  to  the  results 
obtained  by  the  combustion  of  the  dried  residue. 

Carbon  and  hydrogen  were  determined  as  in  the  feeds  and  feces. 

Energy. — For  the  determination  of  energy  six  or  seven  samples  of 
the  urine,  of  about  10  grams  each,  were  dried  at  ordinary  temperar 
ture  in  a  high  vacuum  in  the  platinum  capsules  used  in  the  bomb 
calorimeter.  Three  of  these  samples  served  for  the  determination 
of  energy  and  two  as  a  check  upon  the  amount  of  nitrogen  lost  during 
evaporation,  the  remaining  samples  constituting  a  reserve  in  case  of 
accident.  The  residual  soUds  in  our  experience  have  burned  per- 
fectly in  the  bomb  calorimeter  without  the  use  of  the  celluloid  block 
or  any  kindling  material.  To  the  energy  thus  determined  was  added 
the  energy  of  the  amount  of  urea  corresponding  to  the  nitrogen  lost 
by  the  parallel  samples. 

DETERMINATION   OF  RESPIRATORY  PRODUCTS   AND  HEAT. 

These  determinations  were  made  by  means  of  the  respiration  calo- 
rimeter, which  is  a  modification  of  the  original  form  of  the  Atwater- 
Rosa  apparatus.^  It  consists  of  a  respiration  apparatus,  of  the  Pet- 
tenkofer  type,  which  also  serves  as  an  animal  calorimeter.  The 
general  construction  of  the  apparatus  has  been  described  in  previous 
pubhcations.  At  the  beginning  of  1906  the  large  copper  freezing 
cans  previously  used  for  condensing  the  larger  share  of  the  water  vapor 
coming  from  the  respiration  chamber  were  removed  and  the  out- 
coming  air  allowed  to  pass  directly  from  the  chamber  to  the  meter 
pump,  the  results  of  the  earUer  experiments  showing  that  with  the 

1  Fries:  U.  S.  Dept.  of  Agr.,  Bureau  of  Animal  Industry,  Bulletins  94  and  124. 
s  U.  S.  Dept.  of  Agr.,  OfTice  of  Experiment  Stations,  Bulletins  63  and  130. 
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very  dry  air  supply  used  there  was  no  danger  of  a  condensation  of 
moisture  in  the  connections  or  ^he  meter  pump.  The  air  samples 
taken  automatically  by  the  meter  pump  were  allowed  to  bubble 
through  concentrated  sulphuric  acid  contained  in  a  large  gas  washing 
bottle,  passing  from  thence  to  the  usual  absorbing  train.  This  arrange- 
ment proved  to  be  fully  as  effective  as  the  freezing  cans,  and  at  the 
same  time  simpler  and  more  accurate.  In  addition  to  the  samples 
taken  by  the  meter  pump,  lai^e  aspirators  of  800  Uters  capacity  were 
also  provided,  by  means  of  which  an  additional  sample  of  the  out^ 
going  air  was  taken,  especially  as  a  control  upon  the  moisture  deter- 
minations. 

RESPIRATORY  PRODUCTS. 

No  material  changes  were  made  in  the  methods  of  determining  the 
respiratory  products  which  were  described  in  a  previous  pubUcation.^ 
In  the  experiments  of  1907,  in  which,  as  already  stated,  the  outgoing 
air  was  sampled  both  by  means  of  the  meter  pump  and  by  an  aspira- 
tor, the  average  of  the  closely  concordant  results  for  carbon  dioxid 
and  water  obtained  by  the  two  methods  has  been  used.  The  methane 
in  every  case  is  computed  from  the  carbon  found  in  the  combustible 
gases.  The  general  methods  of  respiration  experiments  seem  too 
familiar  to  require  detailed  description. 

HEAT. 

The  methods  for  determining  the  heat  production  of  the  animals 
were  also  largely  the  same  as  those  described  in  the  pubUcation  just 
cited,  but  some  minor  modifications  were  introduced  and  it  seems 
appropriate  to  illustrate  the  methods  by  the  record  of  one  subperiod. 
For  this  purpose  the  first  subperiod  of  Period  I  of  the  Experiments 
of  1907  upon  steer  A  has  been  selected. 

The  heat  given  off  by  the  animal  leaves  the  calorimeter  in  part  as 
the  latent  heat  of  evaporation  of  the  water  vapor  produced.  This 
portion  is  calculated  from  the  amount  of  water  vapor  given  off, 
using  Smith's  *  factor  of  0.587  calories  per  gram  at  18°  C.  The  remain- 
der of  the  heat  is  taken  up  by  the  current  of  water  passing  through 
the  pipes  of  the  absorber  system,  the  temperature  of  the  ingoing  and 
outcoming  water  being  recorded  every  4  minutes.  The  absorber 
pipes  are  partly  protected  by  a  shield,  which  can  be  raised  or  lowered 
by  the  operator  so  as  to  remove  the  heat  from  the  chamber  more  or 
less  rapidly,  as  may  be  necessary  to  maintain  as  nearly  as  possible 
a  constant  temperature.  The  walls  of  the  respiration  chamber  are 
maintained  adiabatic  by  heating  or  cooling  the  surrounding  air  spaces 
and  the  temperature  of  the  ingoing  air  is  mauitained  equal  to  that 
of  the  outcoming. 

Table  220  is  a  transcript  of  one  hour's  record  of  the  subperiod. 

1  Boreau  of  Animal  Indostry,  Bal.  51.  *  Physical  Review,  86, 170. 
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Table  220. — Record  of  heat  measurements. 
[Date  Feb.  5, 1907.    Experiment  207.    Period  I;  subperlod  1.    Animal  A.] 
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\      288 

1       3.5 

3.5 

2.5 

50 

52 

/  12. 15 
\    5.86 

}    6.29 

J      288 
\      286 

}       4.6 

2.5 

2 

54 

56 

/  12. 18 
\    5.86 

}    6.32 

j      283 
\      285 

}       2 

3.5 

2 

58 

,              1 

In  the  foregoing  table  the  double  column  2  shows  the  readings  of 
the  water  thermometers  and  the  difference  between  the  temperatures 
of  the  ingoing  and  outcoming  water.  Column  3  shows  the  tempera- 
ture of  the  interior  of  the  calorimeter  as  measured  by  copper  resist- 
ance thermometers  and  a  Wheatstone  slide  wire  bridge,  the  readings 
being  recorded  in  millimeters  of  the  bridge  scale,  one  millimeter 
equalling  about  0.01°  C.  The  upper  number  represents  the  tempera- 
ture of  the  air  and  the  lower  the  temperature  of  the  walls.  Column 
4  shows  the  positive  or  negative  deflections  of  the  galvanometer, 
indicating  the  relative  temperature  of  the  inner  copper  and  outer 
zinc  sheets  composing  the  walls  of  the  respiration  chamber  proper. 
The  figures  express  millimeters  on  the  scale  of  the  reflecting  galvan- 
ometer, one  millimeter  being  equivalent  to  about  0.01°  C.      The 
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positive  and  negative  deviations  are  made  to  compensate  each  other 
in  the  course  of  an  experiment.  Columns  5  and  6  show  the  corre-* 
sponding  results  for  the  middle  wall  of  the  calorimeter  and  for  the 
ventilating  air  current.  Column  7  shows  the  time  at  which  each  of 
the  two  water  meters  filled  and  also  the  number  of  liters  contained 
in  it  at  the  time  the  rate  of  flow  of  the  water  was  changed,  this  rate 
being  indicated  in  column  9  by  the  position  of  the  pointer  attached 
to  the  water  valve.  The  letters  A  and  B  in  column  9  refer  to  the 
readings  of  two  mercxuial  thermometers  suspended  in  the  respiration 
chamber. 

Corrections. — ^For  each  period  of  uniform  water  flow,  the  product 
of  the  amount  of  water  passing  through  the  heat  absorbers  into  the 
average  temperature  difference  equals  the  amount  of  heat  brought 
out  in  the  water  current.    Two  corrections,  however,  are  necessary. 

First,  the  pipe  composing  our  absorber  system  being  of  small  diame- 
ter, there  is  a  not  inconsiderable  pressure  upon  the  bulbs  of  the  ther- 
mometers, and  this  pressure  varies  with  the  rate  of  flow  of  the  water* 
Since  this  pressure  is  greater  upon  the  ingoing  than  upon  the  outcom- 
ing  thermometer,  the  effect  is  to  render  the  observed  difference  in 
temperature  too  small.  A  correction  for  tliis  effect  was  worked  out 
experimentally  for  the  range  of  pressure  used  and  is  applied  in  the 
table. 

Second,  the  friction  of  the  water  in  the  absorbers  is  itself  the  source 
of  a  small  amount  of  heat,  which  has  been  computed  from  the  differ- 
ence in  pressure  at  entrance  and  exit  and  the  weight  of  the  water 
passing  through  the  absorbers. 

For  the  specific  heat  of  water  between  the  temperatures  observed, 
we  have  used  the  average  of  Dieterici  and  Barnes'  figures,^  which  give 
the  final  result  in  mean  calories,  a  mean  calorie  being  defined  as  one- 
hundredth  of  the  amount  of  heat  required  to  raise  the  temperature 
of  one  kilogram  of  water  from  0°  to  100°  C. 

The  first  part  of  Table  221,  on  page  210,  shows  the  results  as  thus 
computed  for  the  whole  of  subperiod  1.  To  the  heat  thus  measured 
must  be  added  the  latent  heat  of  evaporation  of  the  water  vaporized 
as  already  explained.  Furthermore,  certain  other  small  corrections 
are  required,  as  follows: 

First,  corrections  have  to  be  made  for  the  heat  introduced  into  the 
apparatus  or  withdrawn  from  it  in  case  the  feed,  drink,  excreta,  and 
vessels  containing  them  were  introduced  or  removed  at  a  temperature 
different  from  that  of  the  calorimeter.  The  net  amount  of  these  cor- 
rections is  ordinarily  small,  but  the  single  factors  are  sometimes  not 
inconsiderable.  This  is  especially  the  case  with  the  feces,  where 
considerable  difficulty  is  sometimes  experienced  in  determining  sat- 
isfactorily the  true  average  temperature  of  the  mass. 

lAzm.  Pby5.,10,(UO. 
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Second,  the  temperature  of  the  walla  of  the  chamber  is  subject  to 
Blight  fluctuations.  This  temperature  is  expressed,  as  akeady 
noted,  in  millimeters  of  the  scale  of  the  slide  wire  bridge.  It  has 
been  experimentatly  determined  that  1  millimeter  difference  in  tem- 
perature on  this  scale  is  equivalent  to  a  capacity  correction  of  2 
calories.  The  temperature  of  the  contained  air  also  yaries  slightly, 
but  the  error  thus  introduced  is  so  small  as  to  be  negligible. 

Third,  a  correction  for  so-called  lag  is  also  necessary.  The  water 
temperatures  which  are  compared  are  read  ^multaneously  at  the 
inlet  fmd  outlet  of  the  absorber  system.  A  certain  time  is  required, 
however,  for  the  water  to  pass  from  one  of  these  points  to  the  other, 
and,  if  the  temperature  of  the  ingoing  water  is  chai^ng,  the  ingoing 
tbennometer  is  affected  before  the  outgoii^  one.  Assuming  the 
rate  of  emission  of  heat  in  the  calorimeter  and  the  rate  of  flow  of  the 
water  through  the  absorbers  to  remain  constant,  let  the  lines  AA  and 
BB  in  figure  17  represent  the  temperatures  of  the  ingoing  and  out- 
coming  water,  respectively,  and  let  the  distances  between  the  vertical 


Tin.  17.— TenipeTature  of  Ingoing  uid  oulcomlng  water  Id  calorinietct. 

lines  represent  the  time  required  for  the  water  to  pass  from  the  inlet 
to  the  outlet  of  the  absorber  system.  At  the  instant  4  the  tempera- 
ture of  the  ingoing  water  begins  to  rise  at  a  uniform  rate  and  contin- 
ues to  do  so  until  the  instant  15,  when  it  again  becomes  constant. 
The  temperature  of  the  outgoing  water  will  not  be  affected,  however, 
until  the  warmer  water  has  passed  through  the  absorbers  and  will 
therefore  lag  bcliind  that  of  tlio  ingoing  water.  Its  rise  of  tempera- 
ture, disregarding  possible  convection  currents  in  the  flowing  water 
and  heat  conduction  by  the  metal  of  the  absorbers,  will  begin  at  the 
instant  5  and  continue  until  16  and  from  the  5th  to  the  15th  instant, 
inclusive,  the  api)arent  temperature  difference  will  be  too  small  by 
the  amount  by  which  the  temperature  of  the  ingoing  water  rises  in 
one  interval.  If  the  two  thermometers  are  read  simultaneously  at 
the  end  of  each  interval,  the  correction  for  lag  will  obviously  equal 
the  amount  of  water  contained  in  the  absorber  system  (in  our  appa- 
ratus 3  kilograms)  multiplied  by  the  rise  in  temperature  of  Uie  ingoing 
water  during  one  interval.  With  a  falling  temperature  of  the  ingoing 
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water  the  effect  would  be  reversed,  the  apparent  temperature  differ- 
ence being  too  great.  Plainly,  then,  we  may  use  the  net  rise  or  f aU 
of  temperature  of  the  ingoing  water  during  the  whole  of  an  experi- 
ment or  period  as  the  basis  of  the  correction  without  regard  to  inter- 
mediate fluctuations.  The  error  due  to  lag  is  superadded  to  any 
effects  of  changes  in  the  temperature  of  the  outgoing  water  due  to 
other  causes,  such  as  variations  in  the  rate  of  heat  emission  in  the 
calorimeter  or  in  the  rate  of  flow  of  water  through  the  absorbers.  In 
practice,  the  temperatures  are  seldom  read  at  intervals  corresponding 
exactly  to  the  rate  of  flow  of  the  water,  and  in  this  way  complications 
are  introduced  into  the  exact  calculation  of  the  lag  correction,  but  in 
view  of  the  small  total  amount  of  heat  involved  the  correction  com- 
puted in  the  manner  indicated  has  been  regarded  as  a  sufficiently 
close  approximation. 

Fourth,  the  temperature  of  the  absorber  system  may  differ  at  the 
beginning  and  end  of  a  subperiod,  thus  requiring  a  capacity  correc- 
tion. Our  absorber  system,  including  the  contained  water,  is 
equivalent  in  heat  capacity  to  6  kilograms  of  water.  If  we  suppose 
the  temperature  of  the  ingoing  water  to  remain  constant  the  mean 
temperature  of  the  system  may  be  assumed  to  be  equal  to  the  average 
of  the  temperature  of  the  entering  and  outgoing  water,  and  this  dif- 
ference multiplied  by  the  water  equivalent  of  the  system  gives  the 
correction  to  be  appUed. 

If,  however,  the  temperature  of  the  ingoing  water  varies,  the  case 
is  different.  For  example,  in  the  case  considered  in  the  previous 
paragraph,  the  temperature  of  the  absorber  system  rises,  but  this  is 
caused  by  a  storing  up  in  it  of  heat  suppUed  by  the  water  current  and 
not  by  heat  generated  in  the  calorimeter,  and  therefore  there  is  no 
capacity  correction.  Similarly,  in  the  reverse  case,  while  the  tem- 
perature of  the  absorber  system  falls  this  is  virtually  due  to  the 
abstraction  from  it  of  heat  previously  imparted  to  it  by  the  water 
current,  and  again  there  is  no  capacity  correction.  Only  when  the 
temperature  at  the  inlet  and  exit  vary  by  different  amounts  is  there  a 
capacity  correction  equal  to  the  water  equivalent  of  the  absorber 
system  multiplied  by  one-half  the  difference  between  the  average 
temperature  differences  at  the  beginning  and  end  of  the  period  under 
consideration.     For  example: 

At  beginning    At  end  of 
of  period.         period. 

Temperature  at  outlet 10**  13° 

Temperature  at  inlet 4**  5® 


6*»  8*> 

go —go 

Correction  — s — X  6  kilo8=6  calorics. 

All  the  foregoing  corrections  are  included  in  the  second  part  of 
Table  221. 

92946°— BuU.  12S— 11 14 
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Rate  of  heat  emission, — ^The  rate  of  heat  emission  per  minute,  which 
is  represented  graphically  in  figure  16  (see  p.  118),  is  computed  as 
follows: 

First,  the  average  rate  of  flow  of  water  through  the  heat  absorbers 
between  the  times  when  the  rate  is  purposely  changed  by  the 
operator  is  computed  in  the  maimer  illustrated  in  Table  222.  The 
results  for  the  short  periods  serve  as  a  check  upon  the  uniformity  of 
the  rate  of  flow. 

Table  222. — Record  of  water  flow  from  heat  absorbers. 
[Dat€,  Feb.  5, 1907.    Experiment  207.    Feriod  I,  sabperiod  1.    Animal  A.] 


Water-flow  record. 

Average  flow  in  liters  per  minute. 

Bimdries. 

Valve' 

point-    Time, 
er. 

Meter. 

Short  periods. 

Longer  periods. 

28J 

Hf.tnin. 
P.  M. 

4  55| 

5  2C 

No. 
II 
II 
I 
II 
U 
I 
I 
II 
II 

I 

I 
II 
II 
II 
II 
I 
I 

n 
II 
I 

LUera. 

714 
100 

29i 

60 
100 

91 
100 

11 
100 

68 

100 

80 
100 

49 
100 

20 
100 

53 

Jfin. 

LUera. 

Flow. 

Min. 

LiUn. 

Ptow. 

31 

m 

67} 

38 

89 

111 

851 

28.68 
5.82 
4 

494 
15 
40 
51.36 
20.14 
58) 
384 

14 

it 

60 
40 
91 
9 
11 
89 

68 

32 

? 

49 
51 
20 
80 
53 

0.9194 

.8872 

.8889 

1.0526 

1.0225 

1.2414 

1.2571 

.8018 

.7953 

1 1.1159 
U.1159 
1.0000 
1.4040 
1.3333 
1.2250 
>.9930 
«.9930 
1.3675 
1.3766 

Bff^ 

6'  00 

Si 

58 
60 

a9Q27 

Btoer  up 

28 
28i 

29 

7      74 
7    45 
9    14 
9    21f 
9    30i 

11  21 
A.M. 

12  47 

1 1  15.68 
1    21^ 

1  25i 

2  15 

2  30 

3  10 
4*1.36 

4  2U 

5  20 

6  00 

.8889 

No.  1  feUed  to  ring  off 

127 

131 

1.0315 

Steer  down  9*  29' 

16 

20 

1.2500 

28 

8teerapl2*40'a.m 

1964 

157 

.7990 

No.  1  fiftiled  to  ring  off 
whenfiill 

• 

29 

29i 

29 
28i 

29i 

Steer  down  2*  16' 

38.50 

42.5 

1 1.1038 

No.lfaUedtoringoff 

64i 
40 

894 
49 

1.8876 
1.2250 

71.50 

71 

.9930 

End 

97 
14 

133 

1.37U 

Clock  Bet  ahead  U  mln- 
ut<«  (subtract  1)  min- 
utes)  

' 

720.0 
718.5 

720 
718.5 

753 

753 



1  Time  and  flow  calculated  from  12.47  to  1.21 4. 
*  Time  and  flow  calculated  Irom  3.10  to  4.214. 


Second,  the  average  temperature  differences  for  overlapping  periods 
of  12  minutes  each  are  computed  and  entered,  as  shown  in  Table 
223,  opposite  the  time  corresponding  to  the  middle  of  the  12-minute 
period.     The  following  example,  taken  from  another  experiment, 
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serres  to  illustrate  the  method  of  computing  these  temperature 


differences. 


Recorded 

Average 

Time. 

tempera* 

tempers* 

ture  dif- 

turedif- 

• 

ferences. 

ferenoes. 

9.20 

• 
3.71 

» 

9.24 

3.75 

1        3.76 

9.28 

3.80 

3.79 

9.32 

3.83 

3.82 

9.30 

3.83 

' 

At  transition  points  between  two  rates  of  flow,  the  last  two  recorded 
temperature  differences  under  the  old  rate  of  flow  are  averaged  and 
this  average  entered  opposite  the  time  corresponding  to  the  last 
temperature  difference.  The  temperature  differences  recorded  under 
the  new  rate  of  flow  are  treated  similarly,  as  in  the  following  example. 


Time. 

Recorded 
tempenk 
ture  dif- 
ferences. 

Average 
tempera- 
ture dif- 
ferences. 

1.36 

1.40 

1.44 

Flow  changed. 

1«  4o 
1.52 
1.60 

4.11 
4.11 
4.14 

1.95 
1.74 
1.76 

\       4.12 
/       4.13 

f         1.82 

The  products  of  these  average  temperature  differences  into  the  aver- 
age rate  of  water  flow  per  minute  as  computed  in  Table  222  are 
regarded  as  expressing  the  average  rate  of  heat  emission  at  that  time. 
Of  course  this  includes  only  the  heat  impaxted  to  the  water  in  the 
absorbers  by  radiation,  conduction,  and  convection  from  the  animal 
and  does  not  cover  the  heat  given  off  as  latent  heat  of  water  vapor. 
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Table  223. — Average  heat  radiadon  per  minvlt, 
pate,  Yeb.  6, 1007.    Sxperimoit  207.    Pedod  I,  sabperiodL    Animal  A.] 


0p.llLtDOp.lll. 

0  p.  m.  to  13  a.  m. 

13a.m.tDSa.m. 

Sa.111.  toOa^m. 

Atw* 

Atct- 

Aver- 

ATcr- 

Tfane. 

aca 

Ykm 

Heat 

■ce 

Flow 

Heat 

a^ 

Flow 

Heat 

tse 

Flow 

Heat 

tem- 

(Uten 

(calo- 
nesper 

tern- 

(litcn 

(calo> 

tem- 

(UterB 

(calo- 

tem- 

(liters 

(calo- 

pera- 

per 

peiar 

per 

lies  per 

pera- 

per 

ries  per 

pera- 

P» 

ries  per 

tun 

mtD. 

TiifH» 

ttire 

min- 

mm- 

ture 

min- 

min- 

ture 

mln- 

min- 

diller- 

ate). 

nte). 

differ- 

ute). 

Qte). 

differ- 

ute). 

ute). 

diffei^,   nte). 

ute). 

enoe. 

enoe. 

ence. 

enee. 

•c. 

•c. 

•c. 

00.. 

6.70 
6  81 

0.8880 

6.1467 
6.1645 
6.1378 

6.76 

6.78 
5.80 

6.0414 
6.0621 

6.9827 

6.07 
6.07 

4.84B0 

04 

4.17                      5^1063 

08 

6.7>J    

6.08 

........ 

4.8570 

4.28    !    5.2430 

12 

6.73    

6.0034 

5.72 

5.90r>2 

6.09  ' '    4.8650 

4.28    1    i2430 

16 

6.72    

6.0H45 

5.72  1 !    6.90l»2 

6.10  1 1    4.8730 

4.70     0.9030  ,    4.6671 

30 

6.75    

6.1112 

5.32  1  1.2500  ;    6.6500 

6.00 

;    4.8650 

4.70    

4.66n 

24 

6.78    

6.1378 

5.32    6.6500 

6.07 

4.8400 

4.78    

4.7465 

28 

6.80    

6.1556 

5.31  1 

6.6375 

6.06 

■    4.8410 

4.70    

4.7565 

32..  . 

5. 82  ' 

6.1734 
6.2178 

5.31 
5.70 

.TOOO 

6.6375 
4.5543 

6.07 

6.08 

1     4.8490 

4.81 

4.7763 

36 

6.87 

4.8570 

4.81 

4.7763 

40 

6.02 

6.2(i23 

6.70 

4.5543 

6.08 

4.8570 

4.81 

4.7763 

44 

6.07 

6.3067 

5.84 

4.6662 

6.00 

4.8650 

4.81 

4.7763 

48 

6.01 

6.3423 

6.06 

4.8419 

6.00 

4.8650 

4.81 

4-7763 

62 

6.06 

6.38(57 

6.24 

4.9K58 

5.81 

i.ioio 

6.4142 

4.82 

4.7863 

66 

6.10 

6.4223 

6.32 

6.0407 

5.81 

0.4142 

4.83 

4.7M2 

00 

6.14 

6.4578 

6.33 

a     •    ■    B    ■  «**   • 

6.0577 

5.70 

6.3022 

4.84 

4.8061 

04 

6.13 

6.4400 

6.34 

6.0657 

5.73 

6.3259 

4.84 

4.8061 

08 

6.13 

6.4490 

6.35 

6.0737 

5.68 

6.2707 

4.82 

4.7863 

12 

6.81 

1.0316 

6.0930 

6.36 

6.0816 

5.67 

6.2507 

4.82 

4.7863 

16 

6.81 

6.0930 

6.33 

6.0577 

6.66 

6.2486 

5.01 

4.0740 

30 

6.71 

6.8890 

6.25 

4.9938 

6.65 

6.2376 

5.33    

5u2927 

34 

6.68 

6.H580 

6.17 

4.9298 

6.46 

6.0168 

5.33 



5.2927 

28 

6.66 

6.K383 

6.12 

4.8899 

6.45    

6.0168 

4.00 

1.3711 

6.7184 

32 

6.66 

6.82H0 

6.12 

4.8899 

4.00     1.3876 

6.7002 

4.00 

6.7184 

36 

6.64 

6.8177 

6.12 

4.8899 

4.00    

6.7002 

4.77 

6.5401 

40 

6.65 

6.8280 

6.10 

4.8739 

4.84  I 

6.7160 

4.68 

6.4167 

44 

6.64 

6.S2H0 

6.07 

4.8499 

4.82  1 

6.6882 

4.57 

6.2650 

48 

6.67 

6.8486 

6.04 

4.8260 

4.78 ; 

6.6327 

4.47 

6.1288 

£2 

6.68 

b.hrm 

6.02 

4.8100 

4.77 

6.6180 

4.43 

'    6.0740 

66 

6.68 

6.8580 

6.02 

4.8100 

4.76 

6.6050 

4.42 

6.0803 

00 

6.66 

6.8383 

6.02 

4.8100 

4.75 

6.5011 

4.41 

'    6-0466 

04 

6.66 

6.8383 

6.02 

4.8100 

4.73   

6.5633 

4.41 

6.0466 

08 

6.60 

6.8383 

6.01 

4.8020 

4.72 

6.5405 

4.43 

6.0603 

12 

6.67 

6.8486 

6.02 

4.8100 

4.70 

6.5217 

4.43 

6.0740 

16 

6.68 

6.85K0 

6.03 

4.8180 

4.55 

6.3136 

4.45 

6.1014 

30 

6.60 

6.8692 

6.05 

4.8340 

4.38 

6.0777 

4.46 

6.1151 

24 

6.71 

6.8800 

6.05 

4.8340 

4.24 

6.8834 

4.52 

6.1074 

28 

6.74 

6.0208 

6.06 

4.8419 

4.35 

6.0361 

4.57 

6.2659 

32 

6.78 

5.9021 

6.06 

4.8419 

4.35 

6.0361 

4.59 

6.2933 

36 

6.79 

6.9724 

6.06 

4.8419 

4.50 

1.2250 

5.6228 

4.50 

6.2933 

40 

6.78 

'    6.W21 

6.05 

4.8340 

4.59 

6.6228 

4.64 

6.2248 

44 

6.76 

:    6.9414 

6.05 

4.8340 

4.42 

6.4145 

4.47 

t    6.1288 

48 

6.76 

'    6.9414 

6.04 

4.8260 

4.36 

6.3410 

4.38 

'    6.0054 

£3 

6.76 

1    6.9414 

6.05 

4.8340 

4.33 

6.3043 

4.32 

6.0232 

66 

6.76 

1    6.9414 

4.8340 

4.33 

5.3043 

4.33 
4.41 

6.9369 

00 

6.0466 

1 

From  selected  portions  of  the  curve,  as  indicated  on  figure  16,  the 
average  heat  emission  per  minute  standing  and  lying  is  computed 
in  the  manner  shown  in  Tables  224  and  225.  The  capacity  corrections 
for  walls  and  absorber  system  and  the  lag  correction  are  computed 
for  each  section  separately. 
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CHECK  TESTS  WITH  THE   RESPIRATION   CALORIMETER, 

The  accuracy  of  II  complicated  apparatus  like  the  respiration 
calorimeter  can,  of  course,  be  satisfactorily  determined  only  by 
actual  test.  Our  check  tests  have  been  made  by  burning  known 
amounts  of  ethyl  alcohol  in  the  respiration  chamber  and  measuring 
the  amounts  of  carbon  dioxid,  water,  and  heat  evolved  precisely  as 
in  an  animal  experiment. 

So-called  absolute  alcohol,  purchased  from  Eimer  and  Amend,  was 
diluted  to  a  strength  of  about  90  per  cent  with  distilled  water  and  the 
amount  of  anhydrous  alcohol  contained  in  the  mixture  computed  from 
the  specific  gravity  as  determined  by  a  50  c.  c.  Squibb's  pyknometer  at 
16.6°  C.  The  alcohol  was  burned  in  an  argand  lamp,  into  which  it  was 
fed  from  outside  the  chamber  by  a  device  which  maintained  a  constant 
level  in  the  lamp.  This  lamp  was  burned  for  at  least  two  preliminary 
hours,  during  which  regular  ventilation  of  the  chamber  was  main- 
tained and  the  heat  removed  by  the  water  current  as  fast  as  pro- 
duced. Only  when  everything  was  in  equilibrium  was  the  actual 
experiment  begun. 

Except  in  the  tests  of  January  12  and  May  8,  1906,  in  which 
Atwater  and  Benedict's  average  of  7.067  calories  per  gram  was  used, 
the  heat  of  combustion  of  the  alcohol  used  was  determined  by  means 
of  the  bomb  calorimeter,  and  ranged  from  7.131  to  7.184  calories  per 
gram  of  anhydrous  alcohol.  These  figures  are  materially  higher  than 
the  average  used  by  Atwater  and  Benedict. 

Up  to  the  end  of  the  ycLr  1908-9  there  had  been  made  in  all 
18  alcohol  check  experiments,  excluding  those  made  on  January  7, 
1907,  and  April  29,  1908,  which  seemed  clearly  erroneous.^ 

Table  226  contains  the  results  of  these  18  check  tests,  divided 
into  two  groups,  the  first  including  those  made  with  the  original 
form  of  apparatus  and  the  second  those  made  with  the  apparatus 
as  described  on  page  204,  viz,  without  the  freezing  cans  for  the 
removal  of  the  moisture  from  the  outgoing  air,  the  carbon  dioxid 
and  water  in  the  outgoing  air  being  determined  both  in  a  sample 
taken  by  the  meter  pump  and  also  in  a  sample  taken  by  an  aspirator. 

1  In  the  first  of  these  two  tests,  less  than  OO  jter  cent  of  the  water  produced  was  recovered,  but  notwith- 
standing thJs  the  heat  found  was  much  too  high.  In  the  second  of  the  two  tests  the  results  for  cu-bon 
dioxid  and  water  were  both  much  too  low.  Since  in  general  the  results  for  carbon  dioxid  are  very  accu- 
rate and  those  for  water  tend  to  be  too  high,  we  have  felt  Justified  in  rejecting  these  two  check  tests. 
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Table  227 ,— Summary  of  results  of  alcohol  check  tests. 


UsixiK  copper  freesixig  cazis: 

Carbon  dioxid— 

Average  percentage  reoovered 
Range  oisingle  results 

Water- 
Average  percentage  recovered 
Range  oisingle  results 

Heat-- 

Average  percentage  reoovered 

Range  oisingle  results 

Without  copper  freezing  cans: 

Carbon  dioxid— 

Average  percentage  recovered 
Range  of  single  results. 

Water- 
Average  percentage  recovered 
Range  oisingle  results 

Heat- 
Average  percentage  reoovered 
Range  oisingle  results 


Results 
with  sam- 
ples taken 
by  meter 

pump. 


99.1 
±2.4 

109.4 

±6.8 

ioa9 

±2.4 


99.2 
±  .6 

107.6 
±5.1 

ioa9 

±  .9 


Results 

on  samples 

taken  by 

aspirator. 


±  .2 

ioa2 
±&o 

loai 

±.9 


The  last  two  columns  of  Table  226  show  the  heat  production  cor- 
rected for  the  apparent  error  in  the  water  determination.  These 
results  are  obtained  by  adding  to  the  heat  as  measured  directly  in  the 
water  current  the  latent  heat  of  evaporation  corresponding  to  the 
computed  amount  of  water  formed  from  the  alcohol  burned.  On  the 
average  these  results  for  heat  agree  very  closely  with  the  theoretical, 
the  percentages  recovered  and  the  corresponding  range  of  single  results 
being: 


With  freezing  cans 

Without  freezing  cans. 
Average  of  all 


Percentage 
recovered. 


99.92 

loan 

w.  w 


Range  of 
single  re- 
sults. 


i±2.93 

±0.67 

>±2.98 


1  The  omission  of  1  result  reduces  this  to  1.75. 

Apparently  the  most  serious  error  in  the  heat  determinations  lies 
in  the  measurement  of  the  water  vapor  given  off,  and  the  more  accu- 
rate determination  of  the  latter  by  means  of  the  aspirator  samples 
reduces  the  average  error  to  a  very  small  amount,  although  it  does 
not  seem  to  materially  reduce  the  range  of  the  single  results.  The 
removal  of  the  copper  freezing  cans  appears  not  to  have  affected  the 
average  accuracy  of  the  determinations.  That  the  range  of  the  single 
results  is  reduced  may  be  due  in  part  to  increased  experience  in  the 
use  of  the  apparatus. 

The  experiments  on  animals  in  1905  which  are  reported  in  this 
paper,  as  well  as  those  described  in  previous  publications,  were  made 
with  the  old  form  of  apparatus,  which,  in  the  alcohol  check  tests,  gave 
uniformly  too  high  results  for  water.     The  effect  of  tliLs,  as  already 
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noted,  is  to  make  the  results  for  heat  also  too  high,  but  the  error  in 
animal  experiments  is  relatively  smaller — ^first,  because  it  affects  only 
the  amount  estimated  for  the  latent  heat  of  water  vapor,  which  con- 
stituted only  about  one-fourth  of  the  total  heat  measured,  and,  second, 
because  the  error  appears  to  affect  chiefly  the  first  few  hours  of  an 
experiment,  and  is  therefore  far  less  serious  in  an  animal  experiment 
extending  over  48  hours  than  in  an  alcohol  check  test  lasting  for  but 
6  to  12  hours. 

The  excess  of  water  vapor  found  in  the  samples  taken  by  the  meter 
pump  seems  to  be  due  to  a  drying  out  of  the  sampling  pans  and 
especially  of  their  rubber  covers  during  the  earlier  hours  of  the 
experiment.  The  meter  pump  takes  a  sample  of  one  two-hundredth 
of  the  total  outgoing  air.  A  comparatively  small  amount  of  residual 
moisture  in  the  pans  at  the  banning  of  an  experiment  multiplied  by 
the  factor  200  will  evidently  cause  a  considerable  error  in  the  relatively 
short  alcohol  check  experiments,  while  the  effect  on  a  long  experiment 
would  be  inconsiderable. 

That  such  is  actually-  the  case  is  shown  by  the  results  of  those 
experiments  upon  animals  in  which  results  with  the  meter  pump  and 
the  aspirator  samples  can  be  compared.  Such  of  these  results  as  are 
now  available  are  contained  in  Table  228,  the  experiments  being 
designated  by  their  numbers  simply. 

Tablb  228. — dymjKxrxaon  of  results  wUh  meter  pump  and  aspirator  in  experiments  on 

animals. 


Ani- 
mal. 


A. 


B. 


A. 


B. 


A. 


B. 


Period. 


ExperimerU  No,  S07 
Period  I 

Period  I 

Period  II 

Period  II 

Period  m 

Period  ni 


1 
2 
3 

4 

1 
2 
3 
4 

1 
2 
3 

4 

1 
2 


1 
2 
3 
4 

1 
2 
3 

4 


Water. 

COi. 

^7 

meter 
pump. 

By  aspi- 
rator. 

Excess 

by  meter 

pump. 

meter 
pump. 

By  aspi- 
rator. 

1,816.2 
1,797.1 
2,021.2 
1,906.9 

1,792.1 
1,804.1 
2,006.9 
1,906.7 

+  24.1 

-  7.0 
-h  12.3 

-  2.8 

2,178.7 
2,171.7 
2,188.6 
2,m.8 

2,173.0 
2,167.1 
2,174.6 
2,188.6 

1,830.9 
1,867.0 
1.817.8 
1,838.0 

1,843.8 
1,858.4 
1,861.9 
1,838.8 

-  12.9 
-1-    8.0 

-  44.1 

-  .8 

1,985.0 
1,964.2 
1,913.7 
1,970.5 

1,948.3 
1,993.1 
1,968.6 
1,972.9 

3,469.7 
3,627.9 
3,719.8 
3,351.4 

3,534.2 
3,631.4 
3,737.4 
3,350.3 

-  64.5 

-  3.5 

-  17.6 

-  7.9 

3,114.6 
3,193.8 
3,150.9 
3,089.6 

3,138.6 
3,169.3 
3,180.0 
3,106.0 

3,074.6 
2,982.8 
3,244.7 
3,139.2 

3,117.8 
2,998.8 
8,240.1 
3,154.4 

-  43.2 

-  16.0 
+    4.6 

-  15.2 

2,396.3 
2,444.9 
2,427.6 
2,510.8 

2,420.7 
2,457.3 
2,423.4 
2,511.1 

1,559.2 
1,412.3 
1,433.2 
1,434.7 

1,486.9 
1,407.9 
1,437.0 
1,428.7 

+  72.3 
+    4.4 
-    3.8 
+    6.0 

1,558.2 
1,548.7 
1,534.4 
1,533.0 

1,571.4 
1,685.7 
1,535.2 
1,537.0 

1,828.0 
1,72L2 
1,799.7 
1,715.7 

1,704.6 
1,723.7 
1,788.4 
1,708.8 

+  64.0 
-    2.5 
+  11.3 
+    6.9 

1,543.0 
1,532.1 
1,519.3 
1,526.9 

1,561.2 
1,552.7 
1,S21.5 
1,532.4 

Excess 

by  meter 

pump. 


+  5.7 
+  4.6 
+  14.0 

-  8.7 

-  13.3 

-  8.9 

-  M.9 

-  2.4 

-  24.0 
+  24.5 

-  29.1 

-  16.4 

-  24.4 

-  12.4 
+    4.2 

-  .3 

-  13-2 

-  17.0 

-  .8 

-  4.0 

-  8.2 

-  JO.  6 

-  2.2 

-  6.6 
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Table  228. — Comparison  of  results  with  meter  pump  and  aspirator  in  experiments  on 

animals — Continuea . 


Ani- 
mal. 


A. 


B. 


£. 


E. 


E. 


E. 


E. 


E. 


Period. 


Experiment  No.  JW— CJon. 
Period  IV 


Period  IV. 


Experiment  No,  t08. 


Period  I. 


Period  U. 


Period  m. 


Period  IV. 


Period  V. 


Period  VI. 


D.      Period  I. 


I>. 


C. 


Period  n. 


Period  n. 


Sub- 
period. 


1 
2 
3 
4 

1 
2 
3 
4 


1 
2 
3 
4 

1 

a 

3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 


Water. 


meter 
pump. 


2,049.6 
1,951.5 
2,062.8 
1,992.4 

2,300.2 
2,146.6 
2,412.3 
2,519.1 


1,565.8 
1,376.1 
1,413.2 
1,304.6 

1,058.3 
968.7 
953.8 
063.1 

901.2 
838.8 
»X).2 
838.2 

1,812.8 
1,615.7 
1,700.3 
1,487.8 

1,209.8 
1,066.8 
1,005.3 
1,036.3 

960.2 
835.4 
857.2 
774.6 

1,405.7 
1,402.0 
1,226.1 
1,400.1 

984.2 
897.8 
858.1 
797.9 

1,401.4 
1,247.3 
1,354.1 
1,526.9 


By  aspi- 
rator. 


1,988.6 
1,940.4 
2,060.2 
1,994.4 

2,257.8 
2,136.1 
2,429.4 
2,532.2 


1,500.6 
1,384.4 
1,391.5 
1,317.7 

983.7 
964.4 
946.5 
973.7 

863.4 
831.4 
889.5 
842.7 

1.769.7 
1,630.9 
1,700.7 
1,499.4 

1.134.1 
i;051.7 
1,093.4 
1,044.5 

906.6 
815.5 
832.0 
774.3 

1,283.0 
1,383.8 
1,221.1 
1,419.4 

925.8 
888.5 
851.3 
801.3 

1.322.6 
1,236.7 
1,346.2 
1,559.6 


by  meter 
pump. 


+  60.9 

+  11.1 

+  3.6 

-  2.0 

+  42.4 

+  10.5 

-  17.1 

-  13.1 


+  56.2 

-  8.3 
+  11.7 

-  13.1 

+  74.6 
+  4.3 
+    7.3 

-  10.6 

+  87.8 

+  7.4 

+  .7 

-  4.5 

+  43.1 

-  15.2. 
+    8.6 

-  11.6 

+  76.7 
+  15.1 
+    1.9 

-  2.8 

+  53.6 
+  19.9 
+  25.2 
+      .3 

+122.7 
+  18.2 
+    5.0 

-  19.3 

+  58.4 
+  9.3 
+    6.8 

-  3.4 

+  78.8 
+  10.6 
+    7.9 

-  32.7 


COt. 


meter 
pump. 


2,004.2 
2,033.4 
2,032.9 
2,023.7 

1,952.8 
1,990.6 
1,939.2 
1,973.3 


1.460.2 
1,472.2 
1,439.3 
1,476.0 

1,048.8 
1.063.5 
1,035.0 
1,102.9 

874.3 
894.0 
895.4 
888.3 

1.578.7 
1,5G3.4 
1.486.8 
1,508.6 

1.090.8 
1.001.1 
1.084.7 
1,095.5 

847.9 
823.1 
829. 2 
819.8 

978.fi 
955.2 
948.0 
983.9 

732.4 
746.5 
723.1 
716.9 

1,287.9 
1,286.1 
1.341.3 
1,442.7 


By  aspi- 
rator. 


2,018.8 
2,039.7 
2,038.7 
2,031.6 

1.964.9 
1,985.8 
1,949.8 
1,986.5 


1,458.4 
1,485.8 
1.441.7 
1,477.3 

1.063.4 
l.a'>9.3 
1.031.1 
1,112.9 

889.3 
901.0 
897.5 
895.9 

1,.'»3.5 
1,544.8 
1.492.5 
1,528.0 

1,103.6 
1.099.2 
1,091.1 
1,103.9 

850.6 
826.9 
819.8 
825.1 

991.8 
955.9 
957.7 
991.3 

737.5 
752.3 
726.7 
723.2 

1,298.6 
1,288.4 
1,338.5 
1,451.7 


Excess 

by  meter 

pump. 


-  14.6 

-  6.3 

-  6.8 

-  7.9 

-  12.1 
+  4.8 

-  10.6 
~  13.2 


+  1.8 

-  13.6 

-  2.4 

-  1.3 

-  14.6 
+  4.2 
+  3.9 

-  10.0 

-  16.0 

-  7.0 

-  2.1 

-  7.6 

-  14.8 
+  18.6 

-  6.7 

-  19.4 

-  12.8 

-  8.1 

-  6.4 

-  8.4 

-  11.7 

-  3.8 
+    9.4 

-  5.3 

-  13.2 

-  .7 

-  9.7 

-  7.4 

-  6.1 

-  6.8 

-  8.6 

-  6.3 

-  10.7 

-  2.3 
+    2.8 

-  9.0 


The  error  due  to  the  evaporation  of  water  from  the  pans  would 
naturally  affect  principally  or  entirely  the  first  subperiod  of  12  hours 
and  this  is  precisely  what  seems  to  have  occurred.  In  experiment  No. 
208  there  is  an  excess  of  water  in  the  first  subperiod  as  determined  by 
the  meter  pump  in  every  case,  and  in  experiment  No.  207,  there  is  a 
similar  excess  in  five  cases  out  of  eight,  while  there  is  no  such  differ- 
ence in  the  results  for  carbon  dioxid.  The  average  excess  of  water 
found  by  the  meter  pump  over  that  found  by  the  aspirator  in  the  first 
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subperiod,  omittiiig  negative  results,  is  61.8  grains,  or  including  all  the 
negative  results,  43.8  grams.  In  the  remaining  subperiods  the  excess 
of  water  found  by  the  meter  pump  over  that  found  by  the  aspirator  is 
positive  in  27  cases  and  negative  in  24  cases,  ihe  average  algebraic 
differences  being : 

Gfuds. 

In  experiment  207 —3. 1 

In  experiment  208 +1. 4 

Average  of  all —  .7 

In  the  later  alcohol  check  tests  previously  tabulated,  which  are  all 
short,  corresponding  in  this  respect  to  the  first  subperiods  of  the 
animal  experiments,  the  average  difference  between  the  water  vapor 
as  determined  by  the  meter  pump  and  that  determined  by  the  aspira^ 
tor  was  59.2  grams,  an  amount  agreeing  well  with  the  average  excess 
found  in  the  first  subperiods  of  the  animal  experiments. 

In  the  light  of  the  foregoing  results  and  discussion,  we  feel  justified 
in  concluding  that  the  results  of  a  single  experiment  with  the  respira- 
tion calorimeter  may  be  r^arded  as  accurate  to  within  approximately 
the  following  percentages  of  the  total  amounts  determined: 

Percent. 

Carbon  dioxid 0. 5 

Water  (in  aspirator  samples) 6. 0 

Heat LO 


APPEirDDE. 

KBASUBBMENTS,  WEIGHTS,  AND  FEEDINa  BECOBD  OF  ANQCALS. 

Table  I. — Mefuvrements  ofanimaU. 


Data. 


Steer  A. 


NoY.  1,1904... 
Deo.  6, 1004.... 
June  5, 1905... 
Feb.  1,1905.... 
Mar.  1,1905.... 
Apr.  3, 1906.... 
Ifoy  1,1905.... 
June  1,1905.... 
Julys,  1906.... 
July  31, 1905... 
Oct.  4, 1905.... 
Oct.  31, 1905... 
Dec.  2, 1905.... 
Feb.  6, 1906.... 
Mar.  5, 1906.... 
Apr.  6, 1906.... 
Mays,  1906.... 
June  5, 1906... 
July?,  1906.... 
Aug.  6, 1906... 
Sept.  8, 1906... 
Oct.  6, 1906.... 
Nov.  5, 1906... 
Dec.  6, 1906.... 
Jan.  6, 1907.... 
Feb.  4, 1907.... 
Mar.  15, 1907... 
Apr.  6, 1907.... 
May  9, 1907.... 


Steer  B. 


Nov.  1, 1904. 
Dec.  6, 1904.. 
Jan.  6, 1905.. 
Feb.  1, 1905.. 
Mar.  1, 1905.. 
Apr.  3, 1905.. 
May  1,1906.. 
June  1, 1905. 
July  3, 1906. . 
July  31, 1905. 
Oct.  4, 1905.. 
Oct.  31, 1905. 
Dec.  2, 1906.. 
Feb.  6, 1906.. 
Mar.  5, 1906.. 
Apr.  6, 1906.. 
Mays,  1906.. 
Junes,  1906. 
July?,  1906.. 
Aug.  6, 1906. 
Sept.  8, 1906. 
Oct.  6, 1906.. 
Not.  5, 1906. 
Dec.  6, 1906.. 
Jon.  5, 1907.. 
Feb.  4, 1907.. 
Mar.  15, 1907. 
Apr.  5, 1907.. 
May  0,190?.. 


Chest 
girth. 


Inehee. 

6ao 

61.0 

62.6 

61.0 

62.5 

61.25 

62.0 

64.0 

63.5 

64.5 

66.0 

66. 

68. 


0 
5 


71.76 

n.6 


6 
0 
0 
0 
5 


0 
0 


71. 

72. 

73. 

75. 

74. 

73.0 

74.0 

75.0 

74.25 

74.25 

75.0 

76.5 

77.0 

76.6 


68.0 

58.0 

56.0 

67. 

66. 

66.5 

68.0 

58.5 

59.0 

60.0 

60.6 

61.0 

63.76 

67.0 

68.0 

68.0 

68.0 

70.0 

70.6 

70.6 

71.0 

72.0 

71.0 

71.0 

72.0 

71.0 

72.5 

71.0 

71.6 


Length 

from  poll 

to  root 

oftaU. 


Jnchee. 
67.0 
67.0 
60.0 
07.0 
66.0 
66.0 
J66.76 
67.0 
70.0 
60.6 
72.0 
72.6 
72.5 
72.6 
72.0 
72.0 
72.0 
72.0 
72.0 
73.0 
73.6 
73.5 
73.0 
73.0 
72.5 
74.0 
74.26 
74.5 
74.5 


61.0 
63.0 
64.0 
65.0 
63.0 
64.0 
63.5 
62.5 
63.5 
^.0 
67.0 
67.0 
67.0 
60.5 
60.0 
60.25 
70.0 
70.0 
70.0 
70.0 
71.0 
72.0 
73.0 
73.0 
72.75 
73.0 
73.25 
74,0 
73.6 


Thick- 
ness at 
shoulder. 


Inehee. 
16.0 
16.75 
16.0 
15.75 
16.25 
16.25 
l&O 
17.0 
16.75 
16.0 
18.0 
17.25 
17.6 
18.75 
ia75 
18.75 
18.75 
18.75 
18. 
17. 
17. 
17. 
18. 


5 
5 
6 
5 
0 


1&5 

18.75 

10.0 

10.25 

10.0 

10.5 


11.5 

13.5 

12.5 

12.5 

12.26 

12.0 

12.75 

11.76 

14.0 

14.0 

14.75 

14.75 

14.75 

15.0 

15.25 

16.0 

15.5 

16.25 

15.75 


»14. 
15. 
16. 
16. 


75 
0 
0 
0 


16.25 

16.25 

16.25 

16.5 

16.5 

16.25 


Thick- 
ness at 
paunch. 


Inches. 
21.0 
22.0 
10.75 
20.25 
20.26 
20.0 
20.6 
22.6 
22.0 
22.75 
23.26 
23.5 
26.0 
25.0 
22.0 
22.5 
25.75 
28.50 
25.6 
22.6 
22.6 
24.0 
25.6 
27.0 
26.5 
26.0 
27.0 
31.0 
28.5 


17.0 

10.25 

17.75 

17.6 

17.6 

16.76 

16.25 

18.5 

10. 0 

18.5 

10.25 

20.75 

23.0 

10.25 

10.0 

20.6 

20.0 

21.0 

20.5 

18.5 

10.0 

21.0 

21.5 

20.75 

22.5 

10.0 

22.0 

10.6 

21.6 


Thick- 
ness at 
hips. 


Inehee. 
16.0 
18.6 
16.0 
16.25 
16.0 
15.26 
16.26 
17.76 
16.5 
16.75 
16.6 
16.6 
17.0 
18.0 
17.76 
18.6 
18.0 
UO.O 
121.0 
17.6 
U7.0 
18.0 
18.0 
18.25 
18.75 
18.5 
18.5 
18.75 
ia75 


13.26 

14.5 

13.5 

13.6 

13.0 

13.0 

13.6 

14.0 

14.5 

14.6 

15.0 

15.25 

15.5 

16.76 


15. 
15. 


16.25 


16. 
16. 
16. 
16. 


16.6 

16.75 

17.0 

17.6 

17.6 

17.6 

17.6 

17.6 


Depth  of 
chest. 


Inehee, 
21.6 
22.0 
21.0 
22.0 
21.6 
22.Q 
23.0 
23.5 
23.25 
24.0 
24.25 
24.5 
24.76 
26.6 
25.25 
25.0 
25.76 
26.0 
26.6 
26.6 
25.0 
26.5 
26.6 
26.76 
27.25 
27.25 
27.5 
27.6 
27.76 


21.26 

21.6 

21.25 

22.6 

21.5 

22.25 

21.6 

23.0 

22.0 

23.76 

24.25 

24.5 

24.75 

25.6 

25.76 

25.75 

25.6 

26.0 

26.76 

25.6 

26.0 

27.0 

27.26 

27.5 

28.0 

28.25 

28.75 

28.5 

28.5 


Height  of 
shoulder. 


0 
5 
6 
0 


Inehet. 
44.76 
45.00 
44.5 
45.0 
44.0 
45.26 
46.26 
46.5 
47.6 
46.0 
47.5 
47.0 
48.25 
40.25 
40.0 
40. 
40. 
40. 
60. 
60.0 
60.6 
60.75 
60.75 
60.6 
51.0 
51.0 
51.0 
51.6 
61.5 


44.76 

45.76 

46.0 

44.5 

46.5 

46.6 

46.0 

47.6 

48.26 

4&75 

40.26 

40.5 

50.0 

61.75 

62.26 

52.0 

62.0 

63.0 

63.0 

53.0 

62.6 

62.75 

54.0 

54.0 

54.0 

54.0 

54.0 

54.25 

54.5 


1  Probably  some  error. 
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Table  II. — Live  weights. 


Date. 


Sept. 

8ept 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 


Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 

Jan. 

Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 


Jan. 
Jan. 
Jan. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 

Feb. 

Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Fab. 


29. 
30. 

1. 

2. 

8. 

7. 
14. 
21. 
28. 
29. 

4. 
11. 
18. 
28. 
29. 
30. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
12. 
13. 
14. 
17. 
18. 
10. 
29. 
30. 


31. 


8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 

17. 

18. 
19. 
20. 
21. 
22. 
23. 


Jan.  24. 


26. 

27. 

28. 
7 
8 
9 

10 

11 

12 

13 

14 

15 
16 
17 
18 
19 
20 


1904. 


1906. 


Steer  A. 


KUoi. 

KOoi. 

243.2 

170.4 

244.1 

169.1 

250. 9 

171.8 

248.6 

173.2 

245.9 

170.7 

253.2 

175.6 

249.3 

177.3 

253.9 

180.5 

254.1 

180.7 

254.1 

180.2 

259.1 

192.0 

268.6 

194.0 

276.4 

200.2 

273.6 

191.8 

275.0 

208.6 

260.0 

208.2 

270.4 

207.2 

273.6 

207.5 

270.9 

211.8 

278.1 

217.2 

282.4 

220.4 

279.5 

218.1 

280.8 

218.8 

284.5 

217.2 

279.0 

216.3 

283.6 

220.4 

280.0 

212.0 

280.0 

211.3 

281.2 

208.0 

284.8 

207.2 

280.0 

201.0 

280.0 

207.2 

278.5 

204.2 

277.8 

200.8 

280.8 

206.0 

{ 


279.3 
274.3 
276.0 
271.4 
270.3 
270.5 
266.9 
266.0 
270.8 
270.1 
270.5 
270.7 
269.1 
268.4 
267.1 
«  270.1 
«273.6 


268.0 
262.4 
271.4 
278.4 
266.1 


285.4 
280  1 

...... 

279.3 

.  .  .  . 

279.0 

279  2 

282  0 

279  6 

r    «  286.3 
\   « 292.2 

274.7 

270  2 

281.5 

.-••.••.... 

Steer  B. 


204.3 
199.0 


205.9 


196. 

200. 

202. 

199. 

199.3 

196.2 

M97. 

•197. 

«195.6 
206.0 
201.0 
191.7 


5 
0 
0 
6 


3 
2 


191.4 
193.4 
192.6 
192.3 
194.4 
196.0 


Date. 


Feb.  21. 

Feb.  23. 
Feb.  24. 
Feb.  25. 
Feb.  28. 
Mar.  1. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar.  10 
Mar.  11. 

Mar.  15. 

Mar.  16. 
Mar.  17. 
Mar.  18. 
Mar.  19. 
Mar.  20. 

Mar.  21. 


Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 


Mar. 
Mar. 

Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
May 


22. 
23. 
24. 
25. 

26. 
27. 


Mar.  28. 


30. 
31. 

1. 
26. 
27. 
28. 
29. 
30. 

1. 


May    2. 

May  4. 
May  5. 
May  6. 
May  29. 
May  30. 
May  31. 

une  28. 

une  29. 

one  30. 


Illy 

uly 

uly 

uly 

uly 

uly 

uly 

uly 

uly 

uly  10 

uly  11 

uly  12 

uly  13 

uly  14 

uly  15 

uly  27 

uly  28 

uly  29 

Aug.  12 

Aug.  19 

Aug.  29 

Aug.  80 

Aug.  31 

Sept,   9 

Sept.  16 

Sept.  27 

Sept.  28 


1905. 


Steer  A. 


KOm. 


278.0 
279.5 
281.3 
276.6 
273.4 
273.6 
270.4 
272.1 
267.8 
264.2 
264.4 


{ 


276.6 

277.0 
275.2 
278.2 
275.3 
273.3 
280.0 
•280.7 
•291.3 
280.7 
276.0 
274.2 


269.0 
284.0 
281.3 


Steer  B. 


{ 


KOm. 

M97.5 

« 197.0 

188.0 

19a  6 

193. 0 


17  a.m. 


*  1.30  p.  m. 


*  8  a.  m. 


*  10  a.  m, 


283.0 
814.0 
312.4 
3ia5 
313.0 
31&4 
317.0 
317.6 
31510 
811.0 
310.0 
300.5 
310.6 
309.0 
300.0 
310.0 
312.0 
311.0 
313.0 
814.5 
314.0 
316.0 
815.0 
328.5 
334.0 
337.4 
33&0 
341.6 
34a  0 
345.6 
842.0 
85a4 
361.0 
361.3 
86a2 

*lp.in. 


{ 


{ 


{ 


198.4 
•197.4 
193.4 
193.5 
197.0 
193.6 
194.2 
198.6 
•198.1 


182.2 
179.4 
180.0 


301.0 
196.8 
194.6 
195.6 
197.6 
198.7 
•  200.0 
•205.4 
196.2 
194.5 
194.3 
217.0 
220.9 
217.5 
227.0 
228.4 
229.0 
230.0 
23a7 
22&0 
229.0 
227.5 
231.0 
229.0 
231.5 
2R1.0 
231.6 
233.0 
234.0 
231.6 
233.0 
236.5 
234.0 
244.5 
241.5 
24&0 
249.0 
2S6uO 
261.0 
257.0 
258.0 
262.0 
26^3 
263.0 
26&0 
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Table  II. — Live  weights — Continued. 


Date. 


Sept. 

Oct. 

Oct. 

Oct. 

Oct 

Oct. 

Oct. 

Nov 

Not. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov 

Nov. 

Nov. 

Dec. 

Deo. 


29. 

7. 
14. 
21. 
28. 
30. 
31. 

1. 

4. 

7. 

8. 

0. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
25. 
27. 
28. 
29. 

9. 
29. 


Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan.  31. 


Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 


2. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 


1905. 


7.... 

8.... 

9.... 
10.... 
11.... 
12.... 
13.... 
14.... 
15.... 
16..., 
17.... 
18.... 
19.... 
20.... 
21.... 
22.... 
23.... 
24.... 
25.... 
26.... 
27.... 
28.... 
29.... 
30.... 


1906. 


Steer  A. 


Kilot. 
358.4 
360.4 
360.6 
354.0 
36a6 
363.0 
372.4 
370.0 
365.0 
360.4 
368.4 
860.2 
368.4 
870.4 
870.9 
871.9 
879.9 
377.4 
377.4 
381.9 
378.9 
380.4 
380.9 
381.4 
382.4 
376.3 
385.0 
387.5 
389.5 
395.2 
404.0 


806.5 
ooO.  3 
898.5 
893.0 
399. 9 
396.3 
398.7 
389.9 
399.1 
397.3 
396.8 
395.5 
391.2 
400.0 
397.5 
401.0 
411.5 


407.7 
899.6 
406.4 


420.9 
415.0 
417.4 
419.2 
420.8 
418.0 
422.0 
417.2 
421.8 
417.0 
422.0 
425.7 


424.6 
410.0 
424.6 


Steer  B. 


{ 


KU08, 
262.4 
256.6 
263.4 
27&0 
27&4 
285.0 
290.0 
287.5 
286.0 
286.0 
275.6 
290.8 
283.8 
283.3 
281.3 
283.8 
285.3 
287.3 
288.3 
287.3 
287.3 
280.8 
290.8 
290.3 
289.8 
286.6 
296.0 
296.4 
299.0 
807.7 
306.9 


312.1 
310.8 
299.5 
290.5 
310.9 
307.6 
306.5 
306.0 
305.0 
305.0 
304.4 
295.0 
298.2 
301.4 
298.4 
290.0 
300.9 
296.2 
301.0 
1297.6 
301.6 


316.0 
318.6 
314.0 
316.4 
307.8 
309.3 
316.1 
312.2 
310.4 
310.9 
309.5 
S311.4 


Date. 


Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

May 

May 

May 

May 

May 

May 

May 

"une 
une 
une 
une 
une 
une 
une 
une 
une 
une 
une 
une 
une 
une 
une 
uly 
uly 
uly 
uly 
uly 
uly 
uly 
uly 
uly 

Aug. 

Aug. 


1. 
2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

9. 
10. 
12. 
13. 
14. 
21. 
28. 
29. 
30. 

5. 
12. 
19. 
26. 
28. 
29. 
30. 

2. 

9. 
16. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

1. 

2. 

3. 

4. 

5. 

6. 
14. 
21. 
28. 

4. 
11. 


1906. 


Steer  A. 


Steer  B. 


KiloB. 


419.9 
410.0 
421.0 
410.2 
395.6 
410.2 
396.6 
408.6 
398.2 
397.2 

o<K>.  O 

S400.3 


«  404.1 
397.0 
397.9 


398.8 
404.4 
404.9 
406.9 
406.3 
404.2 
406.4 
406.0 
407.7 
408.4 
409.4 
>  412.6 


•410.0 
398.0 
401.7 


406.8 
406.8 
419.4 
422.4 
418.8 
434.6 
443.2 
444.6 
442.6 
452.0 
453.6 
454.4 
450.0 
450.8 
468.6 
456.0 
453.0 
453.8 
453.0 
458.0 
455.6 
459.6 
450.4 
451.0 
454.6 
451.4 
429.0 
447.4 
450.4 
457.8 
457.2 
458.6 
456.3 
450.6 
448.0 
456.6 
456.2 
447.4 


KiJot. 
311.5 
303:6 
310.7 


304.4 
295.6 
300.0 
301.5 
299.2 
292.3 
298.2 
296.3 
298.2 
293.7 
291.4 
*301.4 
303.1 
296.6 
295.4 


297.0 
299.2 
302.0 
299.6 
306.5 
305.3 
307.5 
306.4 
307.2 
308.0 

3  312.6 

4  313.9 
305.0 
304.8 
311.8 
317.2 
317.8 
315.6 
317.4 
317.4 
328.8 
322.4 
325.2 
335.0 
327.4 
328.4 
330.0 
340.2 
338.4 
331.0 
340.2 
335.0 
335.2 
340.0 
334.0 
336.0 
338.4 
336.2 
339.2 
337.4 
342.2 

344.  o 

343.2 
343.0 
342.6 
342.0 
334.0 
328.0 
335.4 
329.6 
830.0 


1 1  p.  m. 


s  8.30  a.  m. 


*  6.16  p.  m. 


<  6.30  p.  m. 
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Table  II. — Live  weighU — Continued. 


Date. 


Aug. 

Aug. 

Sept. 

Sept. 

Sept. 

Sept 

Sept 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Nov. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 


18... 
25.. 

1.. 

8.. 
15.. 
22.. 
29.. 

1.. 

2.., 

3.. 

6.. 
13.. 
20.. 
27.. 

3.. 

5.. 

6-. 

7.. 
10.. 
17.. 
24.. 

1.. 

3.. 

4.. 

5.. 

8.. 
15.. 
22.. 
30.. 
31.. 


Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 

Feb.  12. 


1. 

3. 
12. 
19. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 


Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 


14. 
15. 
16. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 


1906. 


1907. 


Steer  A. 


Kilot. 
443.4 
447.2 
448.2 
439.4 
442.2 
442.4 
450.2 
441.6 
451.2 
451.2 
454.0 
450.8 
459.2 
466.8 
469.8 
478.0 
475.4 
474.4 
468.3 
483.0 
484.6 
484.6 
493.6 
494.6 
497.2 
49S.2 
501.6 
506.0 
497.0 
511.0 


504.6 
489.8 
480.8 
492.4 
497.6 
483.2 
487.6 
493.0 
483.2 
497.0 
497.6 
493.6 
497.8 
500.0 
500.0 
500.4 
500.0 
504.6 


498. 3 
489.0 
499.0 


Steer  B. 


616.8 
518.0 
517.8 
519.6 
519.4 
517.4 
516.4 


{ 


Kilot. 
333.2 
332.0 
337.6 
337.8 
334.6 
337.2 
348.0 
340.2 
347.0 
347.6 
350.8 
357.0 
349.4 
363.2 
370.4 
370.0 
371.6 
372.8 
376.3 
376.0 
380.6 
383.2 
373.2 
382.6 
381.8 
385.2 
396.4 
392.4 
383.0 
393.0 


392.6 
388.2 
367.0 
363.8 


374.8 


367.0 

366.8 

360.2 

373.0 

363.0 

371.2 

371.0 

*  370. 4 

372.0 

363.0 

371.2 

371.0 

•368.8 

«  379.0 

•373.6 

365.2 

366.8 


Date. 


A. 


Feb. 
Har. 
Mar. 
Mar. 
Mar. 


Mar. 
Mar. 

Mar. 
Mar. 
Mar. 
Mar. 


Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 


28. 
1. 
2. 
3. 
4. 


Mar.    5. 


6. 

7. 

8. 

9. 
10. 
11. 


Mar.  12. 


13. 

15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
21. 
25. 


Mar.  36. 


Mar. 

Mar. 
Mar. 
Mar. 
Mar. 
Apr. 

Apr. 

Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 

Apr. 

Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 

Apr, 

Apr. 

Apr. 
Apr. 
Apr. 
Apr. 

Apr. 

May 


27.. 
28.. 
29., 
30.. 
31.. 
1.. 


3. 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 

16. 

17. 
18. 
19. 
20. 
21. 
22. 

23. 

25. 

26. 
27. 
28. 
29. 

30. 


1907. 


{ 


{ 


KOot. 
519.4 
516.4 
519.6 
516.6 
521.4 
•528.0 
'538.0 


•522.0 
507.0 
517.0 
518.0 
509.0 

510.4 

510.4 
522.0 
522. 
513. 
516. 
519. 
515. 
500.0 
510.4 
510.2 
509.4 
509.0 
«»501.8 
"515.2 


.0 

.0 

0 

4 

4 


{ 


•  511.0 
503.6 
509.0 
493.0 
500.8 

499.0 

497.0 
603.2 
505.0 
508.0 
506.6 
511.6 
512.0 
512 
513 
511 
510 
514.0 
515.8 
»  518.0 
•532.0 


•518.4 
506.2 
513.0 


{ 


511.0 

514.6 

517.0 

520.4 

M533.4 

U540.4 

•529.6 


B. 


{ 


EOot, 
38L4 
381.2 
3SL0 
382.4 
379.0 

384.2 

384.6 
380.0 
380.6 
383.2 
386.0 
386.2 
•391.2 
•392.0 


} 


{ 


} 


{ 


380.6 
38&0 
389.6 
380.2 
380.0 
386.8 
2SS.0 
375.2 
3S2.0 
368.0 
372.0 

363.4 

374.8 
378.6 
372.0 
377.0 
374.0 
372.4 
»376.4 
»372.6 


•376.8 
368.0 
374.4 
371.4 
370.0 
373.2 
373.0 
386. 0 
378.4 
382.0 
379.6 
384.6 

386.4 

387.6 
387.6 
381.8 
384.6 
383.8 
383.2 

»390.0 
389.0 

•389.6 
379.4 
383.4 


>  8.15  a.  m. 

•  6.15  p.  m. 

•  8  a.  m. 

•  1.15  p.  m 


•6  p.m. 
•  7.35  a.  m. 
'  1.20  p  .m. 


•  7.20  a.  m. 

•  1  p.  m. 
»»7ioa.m. 


"1.10  p.m. 
u  8.30  a.  m. 
M  3.10  p.  m. 
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The  following  are  the  average  monthly  live  weights  which  are 
shown  graphically  in  figure  5 : 

Table  I  la. — Average  live  weights. 


Steer  A. 

Weight. 

Steer  B. 

Wd^t. 

1904. 
Sept.  29-Oot.  3 

Kilos. 
246.5 
259.1 
270.0 

278.1 
28a6 
276.9 
277.0 
278.1 
312.3 
3ia7 
333.3 
344.5 
360.0 
368.5 
387.3 
404.0 

404.6 
411.3 
406.7 
420.2 
463.3 
451.8 
456.2 
448.2 
448.0 
409.0 
492.5 

600.6 
498.4 
617.7 
499.8 
623.0 
692.8 

631.4 

1 

1904. 
Sept.  29-Oct.  3 

Kitai, 
171.0 

Nov.  4 

Nov.  4 

192.0 

Nov.  29-Dec.  3 

Nov.  29-Dec.  3 

208.7 

Dec.  29-31 

205.7 

1905. 
Dec,  30-Jan.  3 

1906. 
Jan.  26-28 

Fet>.  7-11 

199.6 

Mar.  1-6 

Feb.  23-25 

192.2 

liar.  30-Anr.  1 

Mar.  23-25 

183.8 

Apr.  27-29 

Anr.  28-Mav  2 

196.4 

Mi^  29-31 

May  29-31 

218.5 

7nne  29-JMJy  3 

June  29-July  8 

229.0 

July  27-July  29 

July  27-29 

244.0 

Aug.  29-31 

Aug.  2»-31 

258.7 

Sept.  27-29 

Sept.  27-29 

263.6 

Oct.  30-Nov.  1 

Oct.  3D-N0V.  1 

287.6 

Nov.  27-29 

Nov.  27-29 

296.8 

Dec.  29 

Dec.  29 

306.9 

1906. 
Jan.  26-27 

1906. 
Jan.  2fr-Feb.  2 

299.9 

liar.  2^ 

Feb.  27-Mar.  8 

809.3 

liar-  30-Apr.  3 . , , 

Mar.  30-Apr.  3 

300.7 

Apr.  28-30 

Apr.  28-.T0 

316.9 

llay  28-30 

May  28-.T0 

329.2 

June  29-Jiily  3 

June  29-July  3 

341.4 

Aue.  4 

329.6 

Sept.  1 

Sept.  1 

337.6 

Oct.  1-3 

Oct.  1-3 

344.9 

Nov.  3 

Nov.  3 

370.4 

Dec.  1^ 

Dec.  1-5 

380.2 

1907. 
D^iC-  ?0-Jftn«  3--^ 

1907. 
Dec.  30-Jan.  3 

388.2 

Jan.  31-Feb.  3 

Jan.  31-Feb.  3 

360.0 

Feb.  27-Mar.  3 

Feb.  28-Mar.  4 

381.0 

Mar.  29-Apr.  2 

374.4 

Apr.  27-liay  1 

Apr.  25-27 

384.1 

Oct.  28 

427.8 

1908. 
Jan.  4 

1908. 
Jan.  4 

482.2 

Table  III. — Feeding  record. 


Lenf^h 
of  feed- 
ing. 

Kind  of  feed. 

Hay. 

Grain. 

Air-dry 
matter. 

Date. 

Steer 
A. 

Steer 
B. 

Steer 
A. 

Steer 
B. 

Nltzx)gaL 

1904. 
Oct.  1-31 

31 
31 
31 
31 
30 
30 
30 
30 
10 
10 
10 
10 
14 
14 
7 
7 

Mixed  bay 

Wheat  bran 

Kilos. 
106.82 

Kilos. 
106.82 

Kilos. 

Kilos. 

Percent. 

191.80 
92.10 
92.80 
94.40 

19L80 
92.10 
92.80 
94.40 
91.80 
91.50 
92.60 
93.50 

192.36 

»9L10 
92.36 
9L10 

PereenL 
1.878 

Do 

7.57 
22.71 
22.71 

6.28 
16.84 
16.84 

2.476 

Do 

Corn  meal 

1.460 

Do 

Linseed  meal 

6.235 

Nov.  1-30 

Mixed  hay 

Wheat  bran 

109.09 

100.09 

11.87S 

Do 

7.62 
22.86 
22.86 

6.41 
16.23 
16.23 

2.475 

Do 

Com  meal 

1.450 

Do 

Linseed  meal 

6.286 

Dec  1-10 

Mixed  hay 

Wheat  bran 

36.29 

86.29 

1.S73 

Do 

2.535 
7.605 
7.605 

1.265 
3.795 
3.795 

2.460 

Do 

Com  meal 

1.418 

Do 

Linseed  meal 

6.380 

Dee.  11-24 

Timothy  hay  1 

Wheat  bran  > 

29.19 

25.75 

1.8B0 

Do 

21.060 

15.450 

12.530 

Dec.  25-31 

Timothy  hay 

Wheat  bran 

15.75 

14.00 

.860 

Do 

11.200 

8.400 

3.680 

1  Assumed. 


fl  Amount  gradually  Inoreaaedi 
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Table  III. — Feeding  record — Continued. 


Date. 


1906. 
Jan.  1-14 

Do 

Jan.  15-21 

Do 

Jan.  1-7 

Do 

Jan.  8-28 

Do 

Jan.  22-28 

Do 

Jan.2»-Feb.  18... 

Do 

Feb.  10-Mar.  11.. 
Ifar.l2-Apr.l... 
Jan.2»-Feb.4.... 

Do 

Feb.5-2S 

Feb.2»-28. 

Do 

liar.  1-2S 

lfar.2&-Apr.7... 

Do 

Do 

Do 

Apr.  8-13 

Do 

Apr.  14-Ma7  6. . . 

Do 

Apr.2-Ma72 

Do 

Do 

Do 

Hay  3-26. 

Do 

Do 

Do 

May  7-26. 

Do 

Do 

Do 

Ma7  27-Jime30.. 

Do 

Do 

Do 

Julyl-lS 

Do 

Do 

Do 

July  16-18 

July  16-28 

July  29-Aug.  8. . . 

Auk.  9-14 

Aug.  15-31 

8eptl-5 

Sept  6-20 

Sept.21-Oct.3... 

Oct.  4-6 

Oct.  6-30 

July  16- Aug.  2... 

Do 

Do 

Aug.  3-Oct.l3... 

Do 

Do 

Oct.  14-NOV.6... 

Do 

Do 

Oct.31-Noy.  6... 

NoT.7-21 

Do 

Do 

1 


Length 
of  feed- 
ing. 


P»ft. 


14 
14 

7 

7 

7 

7 

21 

21 

7 

7 

21 

21 

21 

21 

7 

7 

21 

3 

3 

25 

13 

13 

13 

13 

6 

6 

23 

23 

32 

32 

32 

32 

24 

24 

24 

24 

20 

20 

20 

20 

35 

35 

35 

35 

15 

15 

15 

15 

3 

13 

11 

6 

17 

5 
15 
13 

2 
25 
18 
18 
18 
72 
72 
72 
24 
24 
24 

7 

15 
15 
15 


Kind  of  feed. 


Timothy  hay. 
Wheat  bran.. 
Timothy  hay. 
Wheat  bran. . 
Timothy  hay. 
Wheat  bran.. 
Timothy  hay. 
Wheat  bran. . 
Timothy  hay. 
Wheat  bran.. 
Timothy  hay. 
Wheat  bran.. 
Timothy  hay. 

....do 


Hay. 


Grain. 


St«er 
A. 


Wheat  bran 

Timothy  liay 

do 

Wheat  bran. 

Timothy  hay 

do 

Wheat  bran. 

Cora  meal 

Linseed  meal 

Timothy  hay 

Wheat  bran 

Timothy  hay 

Wheat  bran 

Timothy  hay 

Wheat  bran. 

Cora  meal 

Linseed  meaL 

Mixed  hay 

Wheat  bran 

Com  meal 

Lhiseedmeal 

Mixed  hay 

Wheat  bran 

Corn  meal...: 

Linseed  meal 

Mixed  hay 

Wheat  bran 

Corn  meal 

Linseed  meal 

Mixed  hay 

Wheat  bran 

Com  meal 

Linseed  meal 

Mixed  hay 

Alfalfa 

Soja  beans 

Cowpeas , 

Kafir    com    and 

cowpeas. 

Alfalfa 

Cowpeas 

Green  com 

Clover  and  grass.., 

Timothy  hay 

Wheat  bran 

Com  meal 

Linseed  meal 

Wheat  bran 

Com  meal 

Linseed  meal 

Wheat  bran 

Com  meal 

Linseed  meal , 

Timothy  with 

some  clow. 

Wheat  bran , 

Com  meal 


KUo9. 
3L50 


15.75 


15.75 
'47.'25" 


47.25 
90.50 


72.00 


110.75 


106.06 


42.00 


6.20 

219.35 

132.00 

72.00 

204.00 

60.00 

180.00 

156.00 

24.00 

79.83 


85.00 
SLOO 


Steer 
B. 


KUm. 


14.00 
'4i'66' 


14.00 


42.00 
6.00 


75.00 
26.00 


12.00 
'26.00 


90.00 


102.60 


42.00 


4.40 

218.00 

132.00 

72.00 

204.00 

60.00 

180.00 

156.00 

24.00 

70.88 


32.40 
54.00 


Steer 
A. 


KSkm. 


22.40 
ii.'26* 


'18.10 


63.00 


10.285 
30.855 
30.855 


8.555 
25.665 
25.665 


12.50 
87.50 
37.50 


5.40 
16.20 
1&20 


6.43 
19.29 
19.20 
25.715 
77.145 
77.145 

8.57 
25.710 
25.710 


5.40 
16.20 


Steer 
B. 


JTUot. 


8.40 
25.'26* 


»1L50 


&00 


8.215 
9.645 
9.645 


15.00 
26.'66" 


5.6S5 
16.666 
16.666 


10.00 
30.00 
30.00 


4.275 
12.825 
12.825 


5.14 
15.42 
15.42 
20.57 
61.71 
61.71 

6.855 
20.565 
20.565 


4.275 
12.825 


Air-dry 

matter. 


PereemL 

92.36 

91.10 

91.21 

9a  10 

>92.35 

191.10 

92.36 

91.10 

193.25 

191.00 

93.23 

91.09 

01.00 

91.  CO 

194.00 

191.09 

93.23 

93.23 

191.09 

92.70 

192.70 

1  91. 10 

192-50 

193.50 

1100.70 

19S.0O 

100.70 

98.00 

191.60 

94.00 

88.50 

97.70 

198.04 

94.00 

88.50 

97.70 

198.04 

94.00 

88.50 

97.70 

198.04 

94.00 

88.50 

97.70 

92.50 

98.00 

96.90 

102.  no 

192.50 

25.74 

20.75 

14.26 

16l57 

25.00 
15.70 
12.00 
62.50 

94.00 
88.50 
97.70 
97.26 
96.33 
98.00 
97.22 
92.00 
96.00 
90.70 

91.97 
91.84 
9L2S 


NltrogBO* 


2.530 


2.5S3 
t.SSO 
3.530 


2.530 


12.616 

.860 

2.616 

.925 

.791 

1.02S 

12.616 
.800 
.860 

12.616 

.878 

1.878 

2.630 

11.413 

15.380 
1.870 

12.460 
.870 
2.460 
1.798 
X485 
1.301 
5.439 
1.803 
2.485 
L391 
5.439 

11.808 
2.485 
L391 
5.439 

1L803 
2.485 
1.391 
5.439 
2.020 
2.400 
L340 
4.950 

12.020 
2.700 
2.110 
2.750 
L370 

3.110 
2.880 
L830 
2.340 
1.210 
2. 485 
1.391 
5.439 
2.515 
1.475 
5.490 
2.567 
1.440 
&000 
1.620 

L490 
2.710 
1.490 


s  Amount  gradaally  increased.         •  Startad  to  taioreaae,  but  stopped. 
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Table  III. — Feeding  r^ooitf--- Continued. 


Length 
of  feed- 
ing. 

Kind  of  feed. 

Hay. 

Oiain. 

Air-dry 
matter. 

Date. 

Steer 
A. 

Steer 
B. 

Steer 
A. 

Steer 
B. 

Nitrogen. 

1905-6. 
Nov.  7-21 

Dan. 
15 
46 

63 
12 
12 
12 
13 
13 
13 
18 
16 
16 
16 
23 
23 
23 

21 

21 

21 

21 

21 

21 

21 

21 

7 

7 

7 

7 

21 

21 

21 

21 

7 

7 

7 

7 

8 

8 

8 

8 

3 

10 

^        10 
10 
21 
21 
21 
21 
5 
6 
6 
41 
19 
19 
19 
34 
17 
17 
17 
31 
31 
31 
32 

m 

11 

11 

6 

6 

6 

17 

17 

17 

17 

TJnjHif^  meal 

KUoe, 

KUot. 

KUot. 
16.20 

12.825 

Percent, 
94.62 
00.70 

00.70 
07.22 
02.00 
05.00 
02.00 
88.83 
94.00 
02.00 
02.00 
88.83 
94.00 
02.00 
88.83 
04.00 

02.06 
01.50 
87.50 
03.20 
02.06 
01.60 
87.50 
03.20 
02.60 
02.00 
88.83 
04.00 
92.60 
90.40 
88.20 
93.10 
92.60 
91.50 
87.50 
93.20 
02.60 
00.40 
88.20 
03.10 

Percent. 
6.030 

Nov.  22-Jan.  6 

Timothy       with 
some  clover. 

Wheat  bran 

183.00 

1.620 

Nov.  22-Jaii.  13 

210.00 

1.620 

Nov.  22-Dec.  3 

4.035 
12.105 
12.105 
1L365 
14.065 
1  4.065 
>  28.000 

3.285 
18.885 
18.886 

2.925 
8.775 
8.775 
L536 
4.605 
4.605 
22.000 

'  '6.*966' 
20.700 
20.700 

2.567 

Do 

Com  meal 

1.440 

Do 

Linseed  meal 

6.000 

Dec.  4-16 

Wh^»at  bTftn 

2.965 

Do 

Ck)m  meal 

1.406 

Do 

Linseed  meal 

6.885 

Dec.  4-21 

Wheat  brans 

2.085 

Dec.  22-Jan.  6 

do 

2.965 

Do 

Com  meal 

1.405 

Do 

Linseed  meal 

6.885 

Dec.  22-Jan.  13 

Wheat  bran 

2.086 

Do 

Com  meal 

1.405 

Do 

Linseed  meal 

6.886 

1906. 
Jan.  7-27 

Timothy  hay 

Wheat  bran 

• 

63.00 

1.250 

Do 

6.30O 
18.000 
18.900 

2.063 

Do 

Com  meal 

1.647 

Do 

Linseed  meal 

5.003 

Jan.  14-Feb.  3 

Timothy  hay 

58.80 

1.260 

Do 

Wheat  bran 

4.200 
12.600 
12.600 

2.053 

Do 

Com  meal 

1.647 

Do 

Linseed  meal 

6.003 

Jan.  28-Feb.  3 

Timothy  hay 

Wheat  bran 

21.00 

1.267 

Do 

M.023 
n2.175 
« 12.175 

2.085 

Do 

Com  meal 

1.406 

Do 

Linseed  meal 

6.885 

Feb.  4-24 

Timothy  hay 

Wheat  bran 

63.00 

1.267 

Do 

14.700 
44.100 
44.100 

2.813 

Do 

Com  meal 

1.470 

Do 

Linseed  meal 

6.547 

Feb.  4-10 

Tlmothv  hay 

19.60 

1.257 

Do 

Wheat  Sranl 

•3.056 
S9.165 
«9.165 

2.053 

Do 

Com  meal 

1.647 

Do 

Linseed  meal 

5.903 

Feb.  11-18 

Timothy  hay 

> 

22.40 

1.267 

Do 

Wheat  bran 

4.000 
12.000 
12.000 

2.813 

Do 

Com  meal 

1.470 

Do 

Linseed  meal 

6.647 

Feb.  19-21 

Off  feed 

Feb.  22-Mar.3 

Timothy  hay 

28.00 

02.60 
00.40 
88.20 
03.10 
04.00 
94.99 
94.54 
94.54 
92.00 
88.83 
94.00 
90.70 
93.30 
93.60 
97.20 
90.70 
93.30 
93.60 
97.20 
03.30 
03.60 
07.20 
98.14 
03.30 
03.60 
07.20 
02.60 
01.50 
06.30 
06.04 
06.00 
05.30 
06.80 

1.257 

Do 

Wheat  bran 

3.570 
10.720 
10.710 

2.813 

Do 

Com  meal 

1.470 

Do 

Linseed  meal 

6.547 

Feb.25-Mar.  17.... 

Timothy  hay 

do 

do 

Wheat  bran 

63.00 

ioioo" 

1.167 

Mar.  4-24 

68.80 

1.167 

Mar.  18-Apr.  7 

1.267 

Mar.  25- Apr.  14.... 

90.30 

1.267 

Apr.  8-12 

2.000 
6.000 
6.000 

2.085 

Do 

Com  meal 

1.405 

Do 

Linseed  meal 

6.885 

Apr.  8-Mayl8 

Mixed  hay 

Wheat  bran 

212.40 

1.620 

Apr.  13-Mayl 

10.640 
31.920 
10.640 

2.806 

Do 

Com-and-oob  meal 
Linseed  meal 

1.375 

Do 

5.301 

Apr.  15-Mayl8 

Apr.  15-Mayl 

Mixed  hay 

174. 70 

1.620 

Wheat  bran 

7.140 
21.420 

7.140 
13.276 
39.828 
13.276 

2.806 

Do 

Com-and-oob  meal 
Linseed  meal 

1.375 

Do 

6.301 

May  2-June  1 

Wheat  bran 

18.228 
54.684 
18.228 

2.806 

Do 

Coro-and-cob  meal 
Linseed  meal 

1.376 

Do 

6.391 

May  19- June  19 

Mixed  hay 

Wheat  bran 

179.20 

144.60 

L803 

June  2-12 

7.301 
2L003 

7.301 

4.125 
12.375 

4.125 

6.117 
15.351 
5.117 
2.995 
8.985 
2.995 

2.806 

Do 

Com-and-oob  meal 
Linseed  meal 

1.375 

Do 

5.301 

Jonel»-19 

Wheat  bran 

2.743 

Do 

Com-and-cob  meal 
Linseed  meal 

1.398 

Do 

6.278 

Jane20-Ju]y6 

Do...... 

Mixed  hay 

Wheat  bran 

87.04 

60.36 

1.803 

10.794 
32.382 
10.794 

7.819 

23.457 

7.819 

2.716 

Do 

Com-and-oob  meal 
Linseed  meal 

1.336 

Do 

... 

6.626 

1  Amoont  gradoally  decreased.        >  Amount  gradually  inoreased. 


t  Fed  in  addition  to  mixture. 
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Table  III. — Feeding  record — Continued. 


Date. 


1W6-6. 
July  6-0 


JoIyVK-lT 

Ji2lyl»-21 

July  2^  Aug.  4. 


Aug.  6-22 

Aug.  29-29 

Aug.  aO-Bept  3. 

Sept.  4-8 

Sept.  9-22 


Sept.2^0ct.  1.. 

Oct.  2-6 

Oct.  6-10 

Oct.  11-13 

Oct.  14-26 

Oct.  26-Nov.  30. 

1906. 
July  7-14. 

Do 

Do 

July  16-31 

Do 

Do 

Aug.  l-Oct.4... 

Do 

Oct.  27-Dee.  1... 
Oct.  6<Dec.  1.... 

Do 

Dec.  2-16. 

Do 

Do 

Dec.  16-31 


1907. 

Jan.  1-9 

Jan.  1-17 

Jan.  10-19 

Jan.  18-26 

Jan.  1-19 

Do 

Do 

Jan.  7-26 

Do 

Do 

Jan.20-Feb.  9... 

Do 

Do 

Do 

Jan.  27-Feb.  16.. 

Do 

Do 

Do 

Feb.  10-16 

Do 

Do 

Do 

Feb.  17-23 

Do 

Do 

Do 

Feb.  17-liar.  9. . 

Do 

Do 

Do 

Feb.  24-Mar.  16. 

Do 

Do 

Do 

Har.  10^ 

Mar.  17-Apr.  6. . 
Mar.  31-Apr.  20. 
Apr.  7-27 


Length 
of  feed- 
ing. 


Jktgi, 


3 

8 

4 

14 

18 

7 

6 

6 
14 

9 
6 
6 
3 

361 


8 

8 

8 
17 
17 
17 
66 
65 
36 
68 
68 
14 
14 
14 
16 

9 
17 

V 

m 

20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
21 

7 

7 

7 

7 

7 

7 

7 

7 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 


Kind  of  feed. 


Timothy        and 

dover. 

Oats  and  peas 

AllBlfa 

Ensilage    (mixed 

hay). 

Com 

Alfiill^ 

Cowpeas 

Altofift 

Kafir    com    and 

cowpeas. 

Com 

Grass 

Alfalfa 

Com 

Ensilage* 

do  * 


Wheat  bran 

Cora-and-cob  meal 

Linseed  meal 

Wheat  bran 

Cora-and-cob  meal 

Linseed  meal 

Wheat  bran  » 

Corn-and-cob  meal 

Mixed  hay 

Wheat  bran 

Com-and-cob  meal 

Wheat  bran 

Com-and-oob  meal 

Mixed  hay 

....do 


.do 

....do 

Timothy  hay. 

do 

Wheat  bran «. 

Com  meal 

Linseed  meal. 
Wheat  bran. . 

Cora  meal 

I/inseed  meal. 
Tlmothv  hay. 
Wheat  Dran. . 

Cora  meal 

Linseed  meal. 
Tlmothv  hay. 
Wheat  oran.. 

Com  meal 

Linseed  meal. 
Tlmothv  hay. 
Wheat  Sran. . 

Com  meal 

Linseed  meal. 
Timothv  hay. 
Wheat  oran. . 

Com  meal 

Linseed  meal. 
Timothy  hay. 
Wheat  bran. . 

Com  meal 

Linseed  meal. 
Timothy  hay. 
Wheat  oran.. 

Com  meal 

Linseed  meal. 
Timothy  hay. 

, .  ...do 

do 

do 


Hay. 


Steer 
A. 


Kilos. 
18.00 

54.00 
28.00 
98.00 

137.00 
49.00 
36.00 
35.00 

122.00 

92.00 
44.00 
55.00 
33.00 
137.00 
216.00 


Steer 
B. 


Kiloi. 
15.00 

54.00 

28.00 

103.50 

154.00 
56.00 
40.00 
40.00 

136.00 

101.00 

4&00 

60.00 

36.00 

150.00 

21&00 


99.  fX) 


97.00 
102.20 

30.60 


32.30 


7L40 


23.00 


71.40 


71.40 

ii7.'e6" 


79.20 


81.40 
99.60 


7&00 


28.80 


67.20 


22.40 


67.20 


67.20 


111.30 


Onfai. 


Steer 
A. 


Kiloi. 


3.997 
11.991 

3.997 

&001 
24.003 

&001 

54.165 

108.330 


48.330 

96.660 

4.665 

9.330 


6020 
16060 
16060 


7.035 
21.000 
2L000 


'4.365 
13.095 
13.095 


16.800 
50.400 
50.400 


■ 


Steer 
B. 


KUoM, 


Air-dry 
matter. 


3.199 
9.597 
3.199 
7.490 

'22.470 
7.490 

60.700 
101.400 


46.400 

92.800 

4.665 

9.330 


4.096 
12.285 
12.286 


4.936 
14.700 
14.700 


»  2. 675 
7.725 
7.726 


9.450 
28.350 
2a  350 


Percent. 
48.80 

18.19 
27.37 
30.20 

16l79 
20.71 
17.16 
2&36 
13.34 

U6.79 

162.50 

20.52 

il2.00 

2690 

2690 

02.60 
91.50 
96.30 
92.60 
91.50 
96.30 
96.00 
81.00 
98.04 
98.00 
81.00 
98.00 
81.00 
96.04 
98.04 

9a  04 

9a  04 

190.70 

190.70 

89.70 

89.90 

91.30 

89.70 

89. 

91. 

90. 

80. 

89. 

91. 

90. 

89. 

89. 

91. 

191. 

18a  20 

18a  70 

19L80 

19L00 

18a  20 

18a  70 

19L80 

91.00 

8a  20 

8a  70 

91.80 

91.00 

8a  20 

8a  70 

91.80 

92.40 

92.40 

91.80 

91.80 


.90 
30 
70 
70 
90 
30 
70 
70 
90 
30 
00 


NltWIgBL 


1 


2.875 

2.060 

11.995 

1.905 
2.745 
2.690 
2.550 
1.837 

1L905 

2.340 

2.630 

L830 

11.220 

1L220 

2.743 
1.398 
5l278 
2.743 
LSBB 
&278 
2.634 
LOT! 
L803 
2.604 
1.258 
2.604 
1.2S8 

i.soa 

L803 


L 

1.808 

L130 

L130 

2.847 

Lses 

6.537 
2.817 
L5e6 
&537 
1.160 
2.847 
1.598 
a537 
L130 
2.847 
Li»8 
6587 
ILIOO 
2.867 
11.628 
16.631 
11.100 
2.867 
1 1.628 
ia531 
LlOO 
2.867 
1.628 
5.531 
LlOO 
2.867 
1.628 
a  531 
L099 
1.099 
M38 
L138 


lAssnmed.  *  Change  of  mixture:  One-third  bran;  two-UiirdsoorzHmd-cob  meat 

s  Ensilage  fed  ooemeal,  hay  the  other.  4  special  mixture. 
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BBSPIRATION  CALOBIMETEB  BXPBBIMBKTS  OF  1906. 

Tablb  IV. — Live  weights,  water  consumed,  weights  of  excreta,  and  rectal  temperatures. 


Date. 

Live 
weight. 

Water 
con- 
sumed. 

Weight 
of  feces. 

Weicbt 
of  urme. 

Rectal 

tempera- 
ture. 

Period!. 
Steer  A: 

Jan.  5 

KHo$. 
271.4 
270.3 
270.6 
266.9 
266.0 
270.8 
270.1 
270.6 
270.7 
2G9.1 
268.4 
267.1 
1270.1 
«273.6 

KUoa. 
10.2 
12.1 
12.2 
16.4 
18.0 
14.0 
13.9 
11.8 
12.8 
11.9 
11.3 
11.9 
12.0 

QraiM. 
8,760 
6,550 
7,380 
8,600 
8,480 
8,540 
7,615 
7,380 
7,785 
8.080 
7,240 
8,005 
6,745 

QraiM. 
2,750 
2,655 
2,940 
3,310 
2,490 
3,470 
3,185 

•c. 

37.9 

6 

37.1 

7 

36.7 

8 : 

37.2 

9 

38.8 

10 

39.1 

11 

36.  A 

12 

3,335  '            .^7.2 

13 

3,065 
3,530 
3,550 
3.425 
2,645 

37.4 

14 

37.0 

16 

37.9 

16 

37.2 

17 

37.0 

17 

36.7 

18 

6.830 
4.540 
8,135 
6.635 
8,160 

3,585 
2,725 
2,640 
2,930 
2,755 

19 

•268.0 
«262.4 
<271.4 
•278.4 

ao 

22.5 
13.6 

38.0 

21 

38.8 

22 

Total 

135,460 
25.0 

64,985 

363.7 
745.0 
550.4 

Spilled  in  calorimeter  and  stall- 
Jan.  19 

21 

22 

23 

9.2 
48.2 

Jan.  19 



Steer  B: 

200.0 
202.0 
199.6 
199.3 
196.2 
U97.3 

10.1 
8.7 

10.6 
6.9 
7.1 

6,220 
6,276 
6,646 
5,930 
4,730 
4,996 
4,266 
6,650 
6,400 
6,155 

2,516 
2,390 

37.2 

20 

38.2 

38.0 

22 

2,260 
4,070 
2,766 
1,125 
1,820 
1,905 
1,825 

38.6 

23 

37.4 

24 

36.1 

26 

26 • 

s  206.0 
«  201.0 
•  191.7 

36.7 

28 

2.9 

37.5 

Total 

55,265 

66.7 

42.0 
16.2 

20,675 
292.5 

Jan.  26 

Jan.  27 



Period  U. 
Steer  A: 

Feb.  7 

285.4 
280.1 
279.3 
279.0 
279.2 
282.0 
279.6 
4  286.3 
292.2 

8.3 
13.3 
16.1 
17.4 
20.8 
15.1 
18.4 
11.0 

8 

36.2 

9 

10,530 
9,555 
9,560 
9,726 
9,880 

11,026 

4,290 
4,605 
0,726 

38.1 

10 

3&9 

38.1 

12 

38.4 

38.0 

14 

*4,*986"* 

38.7 

37.6 

16 

8,730 
9,040 
7,475 
9.320 

3,995 
3,920 

^274.7 

•270.2 

281.5 

38.0 

17 

27.0 
18.5 

39.2 

18 

3,790 

39.0 

94,840 
629.4 

32,310 

Spilled  in  calorimeter  and  stall— 

Feb.  17 

•■>••■••■• 

18 

449.2 
110.0 

From  duct— 

Feb.  16 

370.2 
378.3 

18 

>  At  7  a.  m. 
*  At  1.30  p.  m. 


•  At  6  p.  m. 
^  At  8  a.  m. 


•  At  12  m. 

•  At  1  p.  m. 


'  At  8.30  p.  m. 
•  At  11  a.  m. 
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Table  IV. — Live  weights j  water  consumed,  weights  of  excreta^  and  rectal  temperatures- 
Continued. 


Date. 


Steer  B: 

Apr.  27. 

28. 

29. 

30. 

1. 

2. 

2. 

3. 

4. 

5. 

6. 


Period  //— Ck>ntiziued. 


May 


Total 

Spilled  in  calorimeter  and  stall- 
May  6 

6 

From  duct- 
May  4 

6 


Steer  A: 
Mar.  2. 

3. 

4. 

5. 

6. 

7. 

7. 

8. 

9. 
10. 
U. 


Period  III. 


Total 

Spilled  in  calorimeter  and  stall- 
Mar.  10 

From  duct- 
Mar.   9 

11 


Steer  B: 
Feb.  16. 
17. 
18. 
19. 
20. 
21. 
21. 
22. 
23. 
24. 
25. 


Total 

SpiUed  in  calorimeter  and  stall— 

Feb.  24 

From  duct— 

Feb.  23 

26 


Steer  A: 
Mar.  23. 

24. 

26. 

26. 

27. 

28. 

28. 

20. 

30. 

31. 
Apr.   1. 


Period  IV. 


Total. 


Live 
weight. 


Kiloa. 
196.3 
194.6 
195.6 
197.6 
198.7 

1205.4 


s  196.2 

1  194.5 

194.3 


281.3 
276.6 
273.4 
273.6 
270.4 
1272.1 
«276.6 


«267.6 

1264.2 

264.4 


193.4 
192.6 
192.3 
194.4 
196.0 
197.5 
197.0 


>  193.0 

1190.6 

193.0 


276.2 
278.2 
275.3 
273.3 
280.0 
1280.7 
291.3 


«280.7 

1276.0 

274.2 


Water 
con- 
sumed. 


Kilos. 

7.3 

11.1 

11.7 

10.4 

6.3 

8.2 


11.6 
17.7 


9.0 
4.7 
10.0 
5.6 
8.4 
8.1 


12.0 
12.5 


5.6 
4.6 
5.7 
7.2 
6.0 
1.8 


10  0 
3.0 


14.8 
10.5 
11.2 

12.1 
14.1 


16.7 
16.0 


Weight 
oX  feces. 


Oranu. 
6,960 
6,470 
8,440 
7,250 
6,730 
6,380 


4,660 
9,950 
6,540 
7,220 


68,600 
54.6 


179.5 
42.0 


4,160 
4,910 
4,506 
4,376 
8,805 
4,110 


4.235 
6,190 
3,800 
6,235 


44,405 

25.2 

158.5 
9.0 


3,290 
3,160 
2,610 
3,200 
4,410 
4,040 


8,086 
4,910 
3,206 
4,690 


36,650 
1.4 

las 

21.4 


8,635 

9,605 

9,846 

10,126 

11,385 

10,460 


0,390 

8,110 

10,436 

9,690 


1  At  8  a.  m. 


97,480 

*  At  6  p.  m. 


Weifht 


Orams. 
2,740 
2,660 
2,300 


2,130 
2,075 


Rectal 
tempera- 
ture. 


2,505 
1.655 
2,700 
2,680 


21,266 

408.3 
2,036.0 


3,005 
6,145 
3,750 
5,070 
3,330 
3,160 


2,616 
1,730 
3,140 
4,960 


35,995 
256.9 


1,586 
1,565 
1,470 
1,100 
1,680 
1,656 


1,395 
1,375 
1,285 
1.656 


14,666 


2,166 
1,050 
2,645 
2,440 
1,096 
2,305 


2,190 
2,125 
2,600 
2.540 


23,015 


38.3 
38.5 
39.0 
38.6 
38.1 

38.7 

"38.5 
38.0 
3S.7 


3S.7 
38.7 
3S.2 
3JLI 
37.7 
3&4 
38.3 


39.1 
39.0 
37,6 


37.8 
3N.3 
37.5 
£15 
S.6 
3&6 
38.7 


38.9 
38.6 
38.2 


3S.7 
3S.8 
38.6 
3S.S 
38.1 
38.6 
38.2 


38.7 
S9.3 

3&8 
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Table  IV. — Live  weights^  water  conmmed,  weights  of  excreta^  and  rectal  temperatun 

Continued. 


Date. 


Period  I K— Continued. 

Bteer  A^Continued. 

Spilled  In  calorimeter  and  stall— 

]iar.2S 

31 

Fromduct^ 

Mar.30 

Apr.  1 


Steer  B: 
Mar.  16. 
17. 
18. 
10. 
20. 
21. 
21. 
22. 
23. 
24. 
25. 


Total 

Spilled  in  calorimeter  and  stall- 
Mar.  23 

24 

From  duct- 
Mar.  23 

25 


Live 
weight. 


Kao9. 


103.4 
103.5 
197.0 
103.5 
104.2 
108.6 
108.1 


M82.2 

1170.4 

180.0 


Water 
con- 
sumed. 


Kiloi. 


\2 

13.5 

6.7 

0.3 

lao 

1.8 


20.4 
11.8 


Weight 
of  feces. 


Oramt. 

6.6 

54.0 
24.0 


4,010 
5,080 
7,830 
6,836 
5,000 
7,006 


4,010 
4,085 
3.830 
6,730 


68,105 


12.0 

5.8 

4.8 


Wel£ht 
of  urine. 


Granu. 
106.2 


1,505 
1,870 
1,840 
1,575 
1,310 
1,730 


1,360 
1,260 
1,606 
1,300 


15,525 
2,388 


Rectal 
tempera- 
ture. 


C. 


38.6 
88.6 
38.8 
38.5 
38.2 
38.6 
38.6 


38.6 
38.6 
38.4 


1  At  8  a.  m. 


>  At 6  p.m. 


Table  V. — Composition  of  dry  Tnatter  of  feces. 


Component. 

Period  I. 

Period  U. 

Period  m. 

Period  IV. 

Steer  A. 

Steer  B. 

Steer  A. 

Steer  B. 

Steer  A. 

Steer  B. 

Steer  A. 

Steer  B. 

Ash 

Percent. 

7.77 

}    9.83 

35.47 

45.03 

1.00 

Percent. 
8.77 

0.70 

35.15 

43.66 

2.72 

Percent. 
8.06 

10.43 

33.60 

45.61 

2.30 

Percent. 
0.45 

10.18 

34.05 

43.75 

2.67 

Percent. 
6.67 

8.61 

30.04 

43.66 

2.12 

Percent. 

5.87 

0.88 

38.52 

43.55 

2.18 

PereenL 
6.63 

8.10 

41.06 

43.06 

2.11 

PercenL 
6.50 

Proteini 

Nonorotelni 

0.58 

Crude  fiber. 

30.66 

Nitrogen-free  extract. 
Ether  extract 

42.32 
2.06 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Total  nitrogen. 

Protein  nitrogen 

Carbon. 

1.673 

1.200 

47.008 

5.473 

Calorie*. 
4.6141 

1.552 

1.668 

1.620 

1.376 

1.581 

1.206 

1.533 
1.003 

47.256 
5.662 

Calories. 
4.6810 

47.160 
5.832 

Calories. 
4.6161 

46.217 
6.747 

Calories. 
4.6763 

50.558 
5.777 

Calories. 
4.8606 

50.007 
5.800 

Calories. 
4.8043 

40.670 
6.862 

Calories. 
4.7006 

40.733 

Hydroeen. 

6.702 

Energy.. ..per  gram. . 

Calories. 
4.8330 

I  Computed  from  nitrogen,  using  Caotors  stated  in  Part  III,  page  203. 
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Tablb  VI. — Composition  of  dry 

^maUer  of 

uneaten  reddua. 

PttiDdl-SteerB. 

inenoa 

Camponent. 

Jan.  34. 

Jan.  26. 

Jan.  2S  and 
26. 

IV-fiteer 
B. 

Aah    

Percent. 

8.60 
11.86 
11.98 

1.44 
13.55 
49.10 

3.47 

PereenL 
7.26 

PereenL 
8.57 

PereenL 

4.06 

NaCl    

3.30 

Protein  1 

12.12 

.66 

21.22 

55.17 

3.50 

14.45 

.82 

17.34 

64.66 

4.16 

7.10 

NonDFotein  *  

.21 

Crude  fiber     

35.02 

Ni  troRen-free  extract 

47.91 

Ether  extract  

2.31 

100.00 

100.00 

100.00 

100.00 

« 
Total  nitroeen 

2.222              2.078 

2.487 

2.312 

45.622 

6.818 

Cnioriee. 
4.4645 

1.196 

Protein  nitroeen 

1.916 

39.194 

6.058 

CaloriM. 
3. 7871 

1.939 

45.705 

4.842 

Calorie*. 
4.4910 

1.150 

Carbon 

>   46.967 

Hydroeen r , 

**j****^^""  • ■ 

RiMrKT p#irprMn 

Cdkriea. 
4.4549 

>  Oomputed  from  nitrogen,  usinc  factors  stated  In  Part  III,  page  209f 
s  Assumed  same  as  hay  offered. 

BE8PIBATION  CALOBIMBTB&  EXPEBI1CENT8  OF   1006. 

Tablb  VII. — Live  weights^  water  consuTned^  weighU  and  composition  of  excreta,  and 

rectal  temperatures. 


Live 
weight 

Water 
con- 
sumed. 

Weight 
of  feces. 

Urine. 

Weight. 

Specific 
gravity. 

Nitrogen. 

Rectal 

tempw- 

ature. 

Per  cent. 

Wei^t. 

Period  I. 

Steer  A: 

Jan.   7 

KUoe. 
396.5 
398.3 
398.5 
393.0 
399.9 
396.3 
398.7 
389.9 
399.1 
397.3 
396.8 
395.5 
397.2 
400.0 
397.5 
401.0 
411.5 

KUoe. 
16.4 
13.2 

6.8 
19.4 

9.0 
15.6 

4.8 
21.0 
12.4 
12.5 
13.3 
14.7 
15.0 
15.0 
16.0 
17.8 
10.0 

8.0 
12.4 
22.8 
11.1 

Qrame. 

Qrama. 

Qranu. 

•c. 

8 

9 

1 

10 

11 

12 

1 

13 

I 

14 

15 

16 

i; 

18 

7,715 
7,700 
7,655 
7,730 
6,630 
7,965 
8,115 
7,210 
8.455 
8.197 

6.065 
5,710 
4.425 
6,285 
4,800 
5,710 
5.500 
3,070 
3.955 
7,095 

1.038 
1.038 
1.040 
1.041 
1.041 
1.040 
1.039 
1.043 
1.050 
1.040 

1.093 
1.252 
1.492 
1.006 
1.344 
1.250 
1.263 
2.209 
1.906 
1.006 

66.29 
71.49 
66.02 
63.23 
64.51 
71.89 
69.49 
67.82 
75.38 
71.38 

38.50 

19 

38.67 

20 

38.67 

21 

38.72 

22 

38.78 

23 

38.67 

24 

25 

407.7 
399.6 
406.4 

38.67 

26 

38.44 

27 

38.22 

Total 

77.372 
7,737 

52.615 
5,262 

687.48 

68.75 

71.19 

.04 

DaOv  averaRe 

1.307 

1.353 

.005 

38.61 

Composite  sample 

Spilled,  Jan.  21 

813.1 

25 

U.O 

27 

173.5 

1.437 

2.49 

Induct 

i«7."8' 

Steer  B: 

Jan.  14 

310.8 
299.5 
290.5 
310.9 
307.6 
306.5 

.6 

.0 

29.3 

9.2 

7.6 

9.0 

15 

16 

17 

18 

19 

1  Bry  matter. 
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Table  YII. — Live  weights y  water  consumed^  weights  and  composition  of  excreta^  ivnd 

rectal  temperatures — Continued. 


Live 
iK«lght. 

Water 
con- 
sumed. 

Weight 
of  feces. 

Urine. 

Weight. 

Sperlflc 
gravity. 

Nitrogen. 

Rectal 
temper- 
ature. 

Per  cent. 

Weight. 

Period  /—Continued. 

Steer  B— Continued. 
Jan.  20 

Kilot. 
305.0 
305.0 
305.0 
304.4 
205.0 
206.2 
801.4 
208.4 
200.0 
800.0 
206.2 
301.0 

KUon. 

10.4 

10.8 

10.4 

0 

11.5 

12.4 

&.0 

.0 

21.8 

.0 

l&O 

.0 

0.4 

10.6 

OftiflU. 

Oramt. 

Orami. 

•  C. 

21 

22 

23 

24 

25 

5,540 
5,035 
5,165 
4,775 
6,245 
6,005 
5,325 
4,160 
7,065 

2,670 
3,680 
4,115 
3,335 
2,413 
2,045 
3,100 
2,675 
2,160 

1.050 
1.052 
1.045 
1.048 
1.067 
L060 
1.051 
1.060 
1.066 

2.001 
1.600 
1.330 
1.553 
2.163 
2.100 
1.665 
2.104 
2.400 

53.43 

58.88 
54.73 
61.79 
52.10 
61.85 
51.62 
58.60 
52.03 

38.44 

26 

38.56 

27 

38.33 

28 

38.44 

20 

38.44 

ao 

38.67 

31 

38.78 

Feb.   1 

2 

301.6 

38.80 

Total 

50,305 
5,580 

27,003 
3,010 

405.21 
55.02 
54.25 

Dally  average 

1.828 
1.802 

38.66 

Composite  sample. . . . 

Spilled,  Feb.  2 

7.2 
20.0 

In  duct 

Period  IL 

Steer  A: 

Feb.  0 

420.0 
415.0 
417.4 
410.2 
420.8 
418.0 
422.0 
417.2 
421.8 
417.0 
422.0 
425.7 

17.4 
18.5 
16.6 
10.0 
18.2 
23.8 
17.0 
10.8 
22.4 
27.0 
18.0 
16.0 
12.7 
18.3 
35.2 
21.2 

10 

38.78 

11 

38.89 

12 

38.78 

13 

30.00 

14 

38.80 

15 

15,515 
13,845 
14,205 
14,155 
14,850 
12,045 
13,565 
13,105 
14,605 
13,240 

6,270 
5,810 
[6,005] 
5,450] 
6,405 
6,625 
6,025 
6,510 
6,095 
6,175 

1.040 
1.043 
[1.041] 
tl.042] 
1.042 
1.038 
1.040 
1.041 
1.042 
1.040 

2.104 
2.256 
[2.172] 
2.128] 
2.110 
1.046 
2.240 
2.178 
1.000 
2.002 

131.02 
131.07 
[130.43] 
tll5.08l 
135.72 
128.02 
134.06 
141.70 
130.83 
129.18 

38.44 

16 

38.80 

17 

138.66 

18 

138.7& 

10 

38.66 

20 

38.56 

21 

22 

424.6 
410.0 
424.6 

38.80 

23 

38.67 

24 

38.78 

Total 

130,310 
13,031 

50,815 
6,352 

1,073.39 
134. 17 
133.20 

Dally  average 

2.112 
2.007 

38.72 

Composite  sample 

Spilled,  Feb.  15 

27.5 

6.0 

33.5 

16.8 

1,103.5 

18 

20 

23 

Induct 



Steer  B: 

Feb.  16 

316.0 
318.6 
314.0 
316.4 
307.8 
300.3 
316.1 
312.2 
310.4 
310.0 
300.5 
311.4 

8.2 

11.6 

16.2 

.0 

.0 

15.6 

8.8 
11.0 
11.3 
11.0 

0.4 
10.7 

0.7 

0.1 
13.4 
14.5 

17 

38.33 

18 

!.::::::::;:t  ":::" 

30.44 

10 

30.72 

20 

1 

30.67 

21 

1 

30.33 

22 

1 

30.17 

23 

0,030 
0,520 
0.610 
10,275 
6,605 
0,105 
8,575 
7,765 
7,685 

3,315 
3,735 
3,650 
3,510 
3,040 
3,020 
3,205 
3,210 
3,360 

1.052 
1.052 
1.053 
1.050 
1.052 
1.048 
1.049 
1.055 
1.051 

2.352 
2.070 
2.146 
2.100 
2.064 
2.072 
2.260 
2.306 
2.303 

77.97 
77.65 
78.33 
77.18 
62.75 
81.22 
74.76 
74.02 
77.38 

30.17 

24 

38.78 

25 

88.72 

26 

38.56 

27 

38.50 

28 

M*\r      1 

311.5 
308.6 
310.7 

38.80 

2 

38.22 

3 

38.67 

Total 

79,250 
8,806 

31,035 
3,448 

681.26 
75.70 
74.65 

Dally  average 

2.165 
2.165 

38.04 

Compoeite  sample*. . . 

Spilled,  Mar.  1 

10.0 
574.2 

Induct 

1 

1 

1  Small  loss  of  urtne  on  these  two  days.    Results  not  included  in  averages. 
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Table  VII. — ^Ltiw  toeighu,  water  ccmtumed,  weighU  and  eompogUion  of  excreta^  and 

rectal  tempmUurea — Continued. 


Live 
weight 

Water 

oon- 

mmed. 

Weight 
of  feces. 

Urine. 

Weight 

Specific 
gravity. 

Nitrogen. 

Rectal 
temper- 
ature. 

Percent. 

Weight 

Period  TIL 

Steer  A: 

Mar.   2 

Kiloi. 
419.9 
410.0 
421.0 
410.2 
395.6 
410.2 
398.6 
408.6 
396.8 
397.2 
396.2 
400.3 

KUot, 

.0 
24.2 

.0 

.0 
25.4 

.0 
27.3 

.0 

9.4 

18.0 

10.0 

13.2 

8.9 

6.3 

12.5 

14.4 

Oramt. 

Orams. 

Onmt, 

•c. 

3 

37.89 

4 

38.44 

5 

38.33 

6 

38.33 

7 

38.39 

8 

6,630 
6,605 
4,535 
5,840 
4,705 
5,870 
5,820 
6,920 
5,570 
5.495 

5,600 
5,200 
5,355 
6.125 
5,850 
5.955 
4,365 
2,665 
2,975 
5,715 

1.031 
1.030 
1.081 
1.029 
1.030 
1.029 
1.030 
1.034 
1.040 
1.081 

0.589 

.676 

.640 

.  .572 

.539 

.541 

.736 

1.117 

1.156 

.629 

32.96 
36.15 
84.27 
35.04 
31.53 
32.22 
32.13 
29.77 
34.39 
85.95 

88.50 

9 

10 

38.89 
38.06 

11 

38.22 

12 

37.83 

13 

38.00 

14 

15 

404.1 
397.0 
397.9 

38.67 

16 

38.06 

17 

37.89 

Total 

54.980 
5,498 

49,805 
4,981 

333.43 
33.34 
31.63 

Dally  average 

.669 
.635 

38.28 

Composite  sample*. . . 

BplUed,  Mar.  15. 

11.3 
39.2 
U.O 

In  duct 

Induct 

Steer  B: 

Mar.   9 

304.4 
295.6 
300.0 
301.5 
299.2 
292.3 
298.2 
296.3 
296.2 
293.7 
291.4 
301.4 

.0 

12.9 

11.0 

8.2 

2.9 

14.2 

6.5 

11.1 

4.3 

5.4 

14.7 

6.3 

13.6 

6.2 

7.4 

9.6 

10 

38.33 

11 

37.89 

12 

3&22 

13 

37.89 

14 

38.11 

15 

4,165 
4,065 
5,096 
4,635 
4,640 
4,200 
4.275 
5,530 
5,020 
4,920 

2,956 

1.036 

.940 

27.78 

37.78 

16 

38.44 

17 

8.586 
3,285 
2,896 
2,266 
2.410 
2,130 
2,585 
3.575 

1.034 
1.035 
1.040 
1.046 
1.041 
1.039 
1.040 
1.035 

.765 

.835 

.924 

1.172 

1.122 

1.367 

1.073 

.761 

27.43 
27.48 
26.75 
26.65 
27.04 
29.12 
27.74 
27.21 

37.83 

18 

37.89 

19 

38.33 

20 

37.78 

21 

22 

303.1 
296.6 
295.4 

38.67 

23 

38.50 

24 

37.56 

Total 

46,545 
4,655 

25.685 
2,854 

247.05 
27.45 
26.54 

Daily  average 

.962 
.930 

38.11 

ComDoelte  sample.. . . 

Induct 

................. 

>7.6 

PeHod  IV. 

Steer  A: 

Mar.  23 

398.8 
404.4 
404.9 
406.9 
406.3 
404.2 
406.4 
406.0 
407.7 
406.0 
409.4 
412.6 

20.7 
15.7 
14.6 
13.6 
14.2 
16.8 
13.9 
15.1 
15.6 
16.6 
13.1 
13.4 
11.2 
9.0 
19.8 
21.7 

24 

38.11 

25 

38.17 

26 

38.61 

27 

38.88 

28 

38.00 

29 

10,560 
10,320 
10,815 

9,810 
11,305 

9,060 
11,985 
11,515 
11,900 
12,595 

4,180 
4,000 
4.430 
5.255 
5,065 
5,630 
4,400 
3,450 
3,900 
4,630 

1.040 
1.035 
1.040 
1.031 
1.035 
1.032 
1.034 
1.040 
1.036 
1.033 

.752 
.772 
.721 
.572 
.506 
.530 
.£76 
.854 
.862 
.678 

31.43 
3a88 
31.94 
30.06 
30.19 
29.31 
29.74 
29.46 
33.62 
31.39 

38.00 

80 

38.11 

31 

37.78 

Apr.   1 

38.06 

2 

38.22 

3 

37.67 

4 

5 

410.0 
398.0 
401.7 

38.78 

6 

38.44 

7 

38.78 

Total 

109.865 
10,987 

44,840 
4,484 

308.02 
30.80 
30.94 

Daily  average 

.687 
.690 

38.28 

Gomnoeite  sample.. . . 

In  duct 

170.3 

1  Dry  matter. 
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Table  Yll.—Live  toeightBf  water  contumed^  weights  and  eompotition  of  excreta^  and 

rectal  temperatures — Continued. 


» 

Live 
▼eight 

Water 
con- 
sumed. 

Weight 
of  feces. 

Urine. 

Weight 

Specific 
gravity. 

Nitrogen. 

Rectal 
temper- 
ature. 

Percent 

Weight 

Period  I  V—Continued. 

Steer  B: 

Mar.  30 

Kiloe. 
297.0 
209.2 
302.0 
299.6 
305.5 
3a'>.3 
307.5 
306.4 
803.4 
807.2 
306.0 
312.6 

KUoe. 
11.6 
12.0 

7.0 
14.4 
10.1 
13.7 

9.5 

8.0 
13.8 
11.4 
12.7 

7.0 
12.4 

9.8 
11.8 
12.7 

Grsnw. 

OravM. 

Grams, 

•c. 

31 

37.56 

Apr.   1 

37.78 

2 

38.67 

3 

37.78 

4 

38.89 

5 

7,610 
8,565 
7,630 
8,320 
8,280 
8,710 
8,305 
8,880 
8.835 
8,250 

3,380 
3,075 
3,275 
3,240 
3,955 
3,215 
2,945 
2,800 
3,236 
3,265 

1.043 
1.045 
1.041 
1.046 
1.040 
1.041 
1.D46 
1.042 
1.044 
1.046 

0.922 

1.032 

.920 

.933 

.800 

.  899 

1.022 

1.004 

.910 

.909 

31.16 
31.73 
30.13 
30.23 
31.64 
28.90 
30.10 
28.  U 
29.44 
29.68 

38.06 

6 

37.83 

7 

37.80 

8 

37.78 

9 

38.11 

10 

37.80 

11 : 

12 

313.9 
305.0 
304.8 

38.56 

13 

38.78 

14 

38.67 

Total 

83,585 
8,359 

32,385 
3,239 

301.12 
30.11 
29.86 

Daily  average 

.930 
.922 
.737 

38.17 

Composite  sample*. . . 

Spilled.  Mar.  li 

157 

13 

26.5 
93.7 

In  duct 

Table  VIII. — Composition  of  dry  matter  of  feces. 


Component  and 

Period  I. 

Period  n. 

Period  nr. 

Period  IV. 

energy. 

Steer  A. 

Steer  B. 

Steer  A. 

Steer  B. 

StnerA. 

Steer  B. 

Steer  A. 

Steer  B. 

Aah 

Percent. 
9.47 

1  13.36 

81.16 

43.90 

2.12 

Percent 
9.06 

12.47 

82.40 

43.94 

2.11 

Percent. 
8.50 

16.73 

31.95 

40.62 

2.20 

Percent. 
8.61 

13.66 

34.91 

40.94 

1.99 

Percent. 
6.60 

10.71 

84.61 

46.02 

2.06 

Percent, 
7.71 

10.56 

82.64 

46.78 

2.31 

Percent. 
7.16 

10.44 

84.86 

45.41 

2.14 

Per  cent. 
7.45 

Protein* 

Nonprotein  * 

10.73 

Cnide  fiber 

83.50 

Nitrogen-free  extract. 
Ether  extract 

46.24 
2.06 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

2.137 
47.77 
6.38 

QOorUe. 

4.6793 

1.996 
48.16 
6.34 

Oatories. 
4.7075 

2.676 
48.10 
6.67 

Oatoriee. 

4. 6896 

2.168 
47.67 
6.56 

Oatoriet. 
4.6307 

1.713 
49.14 
6.66 

OaJoriee. 
4.8011 

1.690 
49.49 
6.60 

OaJoriee, 
4.7992 

1.670 
48.86 
6.33 

OalorUe. 
4.7965 

1.717 
49.55 

Total  nitrogan 

Carbon..... 

HydroKPn. 

6.73 

Energy. .  .per  gram. . 

Catttriee. 
4.7940 

1  Compnted  from  nitrogen,  using  the  factors  stated  In  Part  III,  page  203. 
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BBSPIBATIOK  CALOBUCBTBB  BZPEBIMENTS  OF  1907. 

Tablb  IX. — Live  weighU,  water  eontumed,  weights  and  eompontum  of  excreta,  and 

rectal  temperatures. 


Llye 
weight. 

Water 

oon- 

eomed. 

Weight 
of  feces. 

Urine. 

Timtut»t 

Period. 

Weight. 

Specific 
gravity. 

Percent 
nitrogen. 

Wddit 
nitrogen. 

Kcctai 

tcinpefF 

tore. 

Period  I. 

Steer  A: 

Jan.  23 

KUot. 
497.6 
483.2 
487.6 
493.0 
483.2 
497.0 
497.6 
493.8 
497.8 
500.0 
500.0 
500.4 
500.0 
504.6 

Kih9. 

1.0 

17.4 

16.2 

ao 

24.2 
13.2 

8.4 
16.8 
13.6 
14.6 
14.6 
12.2 
15.0 

0.0 
15.2 

9.8 
24.2 
20.0 

Omnu. 

Gram*. 

Cframt. 

•c. 

24 

38.80 

25 

38.45 

26 

38.00 

27 

37.89 

28 

38.22 

29 

38.34 

30 

38.00 

31 

7,385 
9,965 
8,090 
7,785 
8,410 
7,275 
8,955 
8,960 
8,600 
9,175 

3,525 
3,750 
4,920 
4,535 
4,290 
6,110 
3,566 
3,495 
3,110 
5.140 

1.047 
1.045 
1.040 
1.042 
1.041 
1.038 
1.049 
1.045 
1.060 
1.039 

38.00 

Feb.  1 

38.00 

2 

3&56 

3 

38.22 

4 

38.11 

5 

38.00 

6 

7 

496.3 
489.0 
499.0 

■38.78 

8 

37.89 

9 



38.00 

Total 

84,590 
8,459 
5.0 
616.9 

42,440 

4,244 

975 

Daily  average 

L682 
.885 

3&21 

Spilled  Feb.  7 

In  duct , 

Steer  B: 

Jan.  81 

867.0 
366.8 
360.2 
373.0 
363.0 
371.2 
371.6 
370.4 
372.0 
363.0 
371.2 
371.0 
1368.8 

9.4 

12.0 

13.2 

.0 

17.0 

9.4 

8.8 

11.6 

.0 

18.4 

10.0 

3.6 

13.4 

6.8 

7.5 

10.4 

12.2 

37.67 

Feb.  1 

87.78 

2 

1 

37.80 

3 

1 

38.67 

4 

37.83 

5 

37.50 

6 

1 

37.89 

7 

6,745 
5,485 
6,475 
5,475 
6,425 
5,380 
6,850 
5,730 
6,480 
5,905 

3,5(i5 
2,990 
3,400 
3,435 
4,030 
3,095 
2,630 
2,745 
3,005 
3,125 

1.060 
1.051 
1.062 
1.060 
1.045 
1.050 
1.054 
1.053 
1.052 
1.044 

37.80 

8 

37.67 

9 

38.45 

10 

38.00 

11 

88.22 

12 

37.56 

13 

14 

'373. 6 
365.2 
865.8 

*39.00 

15 

37.78 

16 

37.80 



Total 

60,950 
6,095 

32,020 

3,202 

1,120.7 

Dally  average. ....... 

1.820 
.422 

37.98 

Spilled.  Feb.  16 

In  doct 

7.4 

, 

Period  II. 

Steer  A: 

Feb.  21 

516.6 
518.0 
517.8 
519.6 
519.4 
517.4 
516.4 
519.4 
516.4 
519.6 
516.6 
521.4 
528.0 

21.0 
21.6 
21.8 
23.0 
21.8 
22.8 
21.2 
20.8 
27.6 
22.4 
30.4 
21.2 
17.0 
13.5 
21.4 
31.2 
87.0 

38.34 

22 

38.67 

23 

38.67 

24 

38.78 

25 

38.45 

26 

38.78 

27 

38.56 

28 

12,625 
14,570 
14,010 
12,310 
14,960 
10,815 
15,155 
11,905 
12,655 
13,545 

7,395 
7,725 
8,770 
10,285 
9,285 
7,460 
8,645 
7,260 
7,390 
6,815 

1.032 
1.031 
1.030 
1.030 
1.031 
1.033 
1.030 
1.034 
1.032 
1.039 

1.924 
1.841 
1.705 
1.437 
1.660 
1.767 
1.847 
2.089 
2,126 
2.341 

142.28 
142.22 
149.53 
147.80 
154.97 
131.82 
150.67 
151.66 
157.11 
159.54 

38.34 

Mar    1 

38.80 

2 

38.78 

3 

38.78 

4 

38.78 

5 

3&45 

6 

7 

522.0 
507.0 
517.0 

*39.23 

8 

38.57 

9 

39.12 

Total 

132,550 

81,030 

1,496.60 

1  At  8  a.  m. 


s  At  6  p.  m. 
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Tablb  IX. — Live  weights,  water  consumed,  weights  and  composition  of  excreta,  and 

rectal  temperature — Continued. 


Live 
weight. 

Water 
con- 
sumed. 

Weight 
of  feces. 

Urine. 

Rectal 

Period. 

Weight. 

Specific 
gravity. 

Percent 
nitrogen. 

Weleht 
nitrogen. 

tempem- 
ture. 

Period  //—Continued. 

Steer  A— Continued. 
Daily  average 

KiU>9. 

KUoe. 

Orams. 
13,255 

Orams. 
8,103 

1.847 
1.836 
2.183 

Orami. 
149.66 
148.76 

•c. 

88.71 

Compoeite  sample. . . . 

Spilled,  Mar.  6.' 

270.4 

Spilled,  Mar.  7 

142.3 
1,241.0 

In  duct-  - .--^._ . 



BteerB: 

Feb.  28 

381.4 
381.2 
381.0 
382.4 
379.0 
384.2 
384.6 
380.0 
380.6 
383.2 
386.0 
386.2 
1391.2 

12.6 
15.0 
15.4 

8.6 
17.4 
12.0 
13.8 
14.8 
12.8 
17.2 
13.8 
12.6 

7.0 
13.1 
12.6 
22.4 
18.4 

38.00 

Mw    1 . 

38.56 

2 

38.78 

3 

38.56 

4 

38.46 

5 

38.78 

6 

38.67 

7 

7.410 
8,205 
5.925 
8,245 
8,245 
6,920 
6,875 
7,195 
7,230 
8,445 

3,805 
3.360 
4,165 
3,105 
3,395 
4,296 
3,535 
3,450 
3,270 
5,405 

1.051 
1.052 
1.050 
1.052 
1.052 
1.050 
1.055 
1.055 
1.056 
1.045 

2.360 
2.369 
2.274 
2.434 
2.453 
2.177 
2.420 
2.643 
2.571 
1.632 

89.80 
79.60 
94.71 
75.58 
83.28 
93.50 
85.55 
01.18 
84.07 
88.21 

38.67 

8 

9 

38.56 
38.89 

10 

38.34 

11 

38.34 

12 

38.34 

13 

14 

■38.80 

15 

16 

380.6 
388.0 

38.78 
37.89 

Total 

74,095 
7,469.5 

37,786 
3,778.5 

865.48 
86.55 
83.74 

Daily  average 

2.291 
2.216 
2.156 

38.63 

Composite  sample. . . . 

PpnipH,  M^r.  10... 

260.6 

Spilled,  Mar.  14 

69.3 

Spilled,  Mar.  15 

102.2 
173.2 

1.250 
.181 

Spilled!  Mar.  16...'./. 

Indnct 

560.6 

Period  TIL 
Steer  A: 

Mftr-lO , 

518.0 
509.0 
510.4 
515.2 
510.4 
522.0 
522.0 
513.0 
516.0 
519.4 
515.4 
509.0 
510.4 
510.2 
509.4 
509.0 
'501.8 

2.4 
10.0 
14.6 

9.0 
20.4 
18.0 

2.2 
14.4 
16.0 

9.2 

6.0 
15.2 
14.8 
15.8 
12.8 

0.0 
17.0 
10.7 

5.3 
22.0 

0.0 

11 

12 

13 

14 

15 

16 

38.45 

17 

38.78 

18 

37.80 

19 

38.00 

20 

37.56 

21 

5,280 
5,635 
5,345 
5.135 
4.435 
4.085 
5.475 
4.170 
6.000 
5,005 

6,100 
7. 135 
7,620 
9,3.50 
8,080 

1.033 
1.030 
1.030 
1.024 
1.025 

.531 
.496 
.435 
.358 
.388 

32.39 
35.39 
33.15 
33.47 
81.35 

87.78 

22 

38.11 

23 

38.45 

24 

37.89 

25 

37.89 

26 

37.22 

27 

4.480 

2,805 

4,465 

10,000 

1.030 
1.035 
1.033 
1.023 

.502 

1.199 

.776 

.333 

26.52 
33.63 
34.65 
33.30 

28 

s  511.0 
503.6 
509.0 

>38.34 

29 

38.22 

30 

38.11 

Total 

50.165 
5,016.5 

60.035 
6,670.6 

293.85 
32.65 
31.96 

Daily  averaee 

.490 
.479 

38.06 

Comnosite  sample. . . . 

flpiiiid,  Mar. 28.. . 

64.0 
176.8 
185.0 

Induct 

Washings  from  duet . . 

>  At  7.20  a.  m. 


>  At  6  p.  m. 


*  At  7.30  a.  nu 
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TjiBLB  IX.— Lwif  M^to, 


VDoUr  rofuumed^ 
reclal  ianperai 


anJ 
tmaed 


lire 

Water 

COD- 

aaxned. 

Weicht  , 
or  feces. 

Urii 

le. 

Bcetal 

Period. 

Weistit. 
Ormnu.  1 

Specific 
gravity. 

1 

1 
■ 

1 

Pcremt  1 

tm^ 

Perkfi  iri'-CoaaMBMBd. 

SlMrB: 

Mar,  17    , .  , 

Kilm. 
3«.6  • 

3W  2 
3S2.0 
38^..  8 
3^5.0 
37.5.2 
382.0 
368.0 
372.0 
363.4 
374.8 
378.6 
372.0 
377.0 
374.0 
372.4 
i37Gt4 

KOm. 

O.H 
4.8 
2.2 
2-0 
0.0 

2f*.2 
0  0 

14-0 
0.0 

18.6 

13.2 
7.8 

16.2 
7.0 
8.4 

10.0 
0.0 

13.1 
7.8 

10.0 

14.8 

Grmwu. 

18 

19 

1                 1 

20    

. 

21            

1 

22               .  ..     . 

37.22 

23 

1 

37- 7S 

24 

.....  — .-, 



38.56 

25        

:::::::::::::::::::■::::—-- 

37.78 

26 

3&11 

27               

, 

38.00 

28 

4.820 

4.850 
4.625 
4.815 
4.580 
5.435 
4.530 
4.50) 
5,135 
4.495 

3.585 
4.<«40 
4.305 
4.790 
4.855 
3,720 
2.240 
1.875 
2.;'U0 
6.245 

1.040 
1.0U 
1.033 
1.033 
1.033 
LOlO 
1.050 
1.052 
1.04S 
L032 

.914 

.663 

.604 

.STS 

.563 

.617 

L044 

1.479 

L091 

.486 

a.  77 
32.45 
29.88 
27. 0 
27.33 
22.96 
23.30 
27.73 
29.46 
aOL35 

3&34 

29 

38.22 

30 

1          37.67 

31 

37.56 

Anr.  1 

3&34 

^    2:.::.:...:::::: 

&34 

3 

4 

«376.8 
368.0 
374.4  ■ 

•3&56 

6 

38.11 

0 

37.67 

Total 

•  >  *  *  *  ^0  •    •*•*••«• 

47.7S5 
4,778.5 

39.195 
3.919.5 

i 

284.00 
28.40 
2&10 

Dsllj  uvtngf 



.725 
.717 
.146 

38.02 

Composite  sample. 

BpfMf^.  Mar.  2ii. .. 

188.8 
S50.0 

Bbilledl  Mar.  28 

Spilled.  Apr.  4 

4-2 
73.7 

Id  diict 

*  1 

Period  IV, 

Steer  A: 
Mar  ?1 

493.0 

499.0 
497.0 

4  503.2 
505.0 
508.0 
!^\  6 
.511.6 
512  0 
512.2 
.51.3.4 
.511.0 
510.  4 
514.0 
51.5.8 

'  518.0 

20.0 
10.6 
11.8 
15. 3 

1 

■ 

1 
1 

Apr.  1  

1 

•             •••^•••* 

3 

f 

4 

18.8 
19.2 
14.2 
23.8 
16.0 
1.5.0 
16.6 
16.0 
18.2 
19.0 
18.4 
14.2 
19.4 
11.8 
9.4 
2.5.6 

12.4 





37.22 

5 

1 

38.22 

0 

.......... 

38.00 

7 

•  ••••••«•- 

3&34 

8 

. 

38.34 

9 

38.00 

10 

1 

- 

38.34 

11 

9.IH5 

9.  Ww 
lO.tHIO 

8,830 
10.095 
10,140 

9.565 
10.800 
10.  .370 
10.025 

6.540 
7.710 
7.945 
6.230 
5.475 
5,785 
5.955 
3,720 
4.465 

7,sn 

l.OEH 
l.(t¥) 
1.031 
l.OCU 
1.035 
1.036 
1.033 
1.043 
1.045 
1.035 

.448 

.377 
.376 
.455 
.545 
.  466 
.440 
.717 
.632 
.412 

29.  .10 
29.07 
29.87 
28.35 
29.84 
26.96 
26.74 
26.67 
28.22 
31.27 

38.11 

12 

13 

14 

38.45 
38.56 
38.34 

15 

38.34 

16 

3&34 

17 

18 

«.518.4 
506.2 
51.3.0 

S38.67 

19 

38.56 

20 

38.00 

Total 

99.6.55 
9.966 

61.415 
6,142 

296.29 
28.63 
28.07 

Daily  average 

.466 
.457 
.079 

38.24 

Composite  sample 

8ptUed.Apr.il 

226.5 

Spilled.  Apr.  IB 

27.0 

402.5 

,^^— — ^_ 

! 

In  drmt. . . . 

1 

1 

1  At  7.30  a.m. 


•  At  6  p.  m. 


•Estimated. 


«  At  11  a.  m. 
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Tablb  IX. — Live  weights,  water  consumed,  weights  and  composition  of  excreta,  and 

rectal  temperatures — C?ontinued. 


Live 
weight. 

Water 
con- 
sumed. 

Weight 
of  feces. 

Urine. 

Rectal 

tempem- 

ture. 

Period. 

W^eight. 

Specific 
gravity. 

Per  cent 
nitrogen. 

Weight 
nitrogen. 

Period  /  K-Continued. 

Steer  B: 

Apr.  7 

KUoa. 

371.4 
370.0 
373.2 
373.0 
380.0 
378.4 
382.0 
379.6 
384.6 
386.4 
387.6 
387.6 
381.8 
384.6 
383.8 
383.2 
1390.0 

9.0 
12.0 

7.4 
20.4 

4.2 
14.2 

9.6 
20.4 
16.6 
16.4 
1&4 
14.4 
21.8 
16.4 
21.6 
14.8 

4.4 
15.7 
11.8 
17.6 
17.6 

Orams. 

Orama. 

Grams. 

•c. 

8 

9 

10 

n 

37.33 

12 

38.56 

13 

38.45 

14 

39.00 

15 

38.00 

16 

38.45 

17 

38.78 

18 

8.325 

10,940 

9,1G0 

9,500 

10.025 

7,835 

9,585 

8,755 

7.940 

10,390 

5,600 
10,290 
6,585 
9,560 
9.550 
3,260 
2,375 

1.038 
1.030 
1.037 
1.031 
1.032 
1.050 
1.065 

.511 
.307 
.382 
.297 
.247 
.758 
.972 

28.62 
31.59 
25.15 
28.39 
23.59 
24.65 
23.00 

38.78 

19 

38.56 

20 

38.56 

21 

38.67 

22 

38.34 

23 

38.45 

24 

26 

*  389.6 
379.4 
383.4 

<38.34 

26. 

27 

3,510 
4.495 

1.063 
1.043 

.834 
.720 

29.27 
32.36 

38.67 
38.34 

Total 

92.455 
9,245.5 

55.225 
6,136.1 

246.71 
27.41 
27.98 

Daily  average 

.447 
.456 

38.46 

Composite  samciAe. . . . 

In  duct 

18.8 

I  At  7.30  a.  m. 


*  At  6  p.  m. 


Table  X. — Composition  of  dry  matter  of  feces. 


Components  and 

Period  I. 

Period  II. 

Period  III. 

Period  IV. 

energy. 

Steer  A. 

Steer  B. 

Steer  A. 

Steer  B. 

Steer  A. 

Steer  B. 

Steer  A. 

Steer  B. 

Ash 

PercerU. 

9.67 

13.38 

29.03 

45.57 

2.35 

Percent. 

9.63 
10.83 
29.70 
47.07 

2.77 

Percent. 
10.39 
15.50 
29.78 
42.05 
2.19 

Percent. 
10.01 
13.29 
29.76 
44.42 
2.52 

Percent. 

8.03 
10.01 
30.73 
48.30 

2.93 

Percent, 

8.20 

9.51 

20.40 

49.84 

3.05 

Percent. 

8.21 

9.81 
29.19 
49.88 

2.91 

PereenL 
7.87 

Protetaii 

9.05 

Crude  fiber  * 

29.61 

Nitrogen-free  extract . 
Ether  extract 

49.93 
2.74 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Total  nitrogen 

Carbon 

2.141 

4&508 

5.674 

Oaloriea. 
4.7506 

1.733 

48.361 

5.748 

Calorie*. 
4.7967 

2.495 

47.508 

6.644 

Calories. 
4.6905 

2.127 

47.811 

5.478 

Caloriea. 

4.7787 

1.601 

49.629 

5.883 

Calorie*. 
4.9232 

1.521 

49.685 

6.722 

Oaloriee. 
4.9388 

1.570 

40.607 

6.790 

OaJories. 
4.9166 

1.602 
40.361 

Hydrocen 

6.714 

Energy per  gram.. 

CaUrriet. 
4.9279 

1  Computed  from  nitrogen,  using  the  fiBotors  stated  in  Part  HE,  page  203. 
92946°— Bull.  128—11 16 
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DIGBSTIGN  AND  HSTABOLI8H  TRIALS  DUBING  IKTEBJffBDIATB 

PEBIOD8. 

Table  XI. — Live  weighU^  vxUer  contumed,  and  weighU  and  compoaitUm  of  excreta. 


Live 
weight. 

Water 
con- 
sumed. 

Fresh 
weizht 

vBces. 

Urine. 

Date. 

Weight. 

Specific 
gravity. 

Nitrogen. 

Percent. 

Wd^t. 

mv,  M  to  Dec.  W,  t904. 

Steer  A: 

Nov.  28 

273.6 

KUoe. 

Qvavu. 

Qromt, 

(TrsiiM. 

29 

275.0 
260.0 

30 

""""*■**■" 

Dec.    1 

270.4 
273.6 
270.9 
278.1 
282.4 
279.5 
280.8 
284.5 
279.0 
283.6 

20.2 
14.1 
22.3 
18.9 
14.4 
16.4 
19.1 
12.7 
20.5 
20.5 

6,385 
6,560 
7,475 

10,790 
8,990 
8,505 
8,830 
8,115 
8,030 

10,040 

3.310 
3,690 

2 

3 

1 

4 

6,275 
5,810 
5.425 
5.825 
4.830 
6,500 
7,410 

5 

6 

7 

8 

9 

10 

Total 

83,720 

8,372 

980 

49.075 
5,453 

Dally  Bvenure 

1.440 

78.62 

In  (Hirt ,,.... 

191.8 
208.6 
208.2 
207.2 
207.5 
211.8 
217.2 
220.4 
218.1 
218.8 
217.2 
216.3 
220.4 

Steer  B: 

Nov.28 

29 

80 

.......... 

Dec    1 

15.0 
20.0 
17.9 
18.6 
13.2 
15.9 
16.5 
13.2 
16.2 
11.4 

7,165 
6,640 
8,090 
8,630 
8,225 
9.640 
8,250 
7,925 
6,975 
8,110 

3.740 
3.840 
4.120 
6.540 
5.300 
5,930 
5,850 
6,050 
6,4fO 
6,220 

2 

3 

4 

1 

6 

1 

6 

7 

i;: 

8 

1  

9 



10 

Total 

79,650 

7,965 

535 

52.050 
5,205 

Daily  Bveraee 

1.340 

€9.75 

In  duct 

317.6 
315.0 
311.0 
310.0 
309.5 
310.5 
309.0 

309.0 
310.0 
312.0 
311.0 
313.0 

314.5 
314.0 
315.0 
315.0 

15.4 
15.0 
17.5 
18.5 
21.0 
18.0 
21.5 

19.5 
23.0 
21.5 
22.5 
22.0 

17.0 
18.5 
18.0 
20.0 

June  90  to  Julf  16, 1905. 

Steer  A: 

June  30 

July    1 

7,850 
8,920 
9.585 
9.180 
8.675 
8,205 

8,170 
6.665 
8,130 
8,730 

»5,120 

»5,470 

6,410 

6,  .380 

»7,350 

'"^    2 

3 

No  samples  taken. 

4 

5 

6 

\1, 4201     R"Tn«  iirinA  Imrt.     Nn  anmnlMi 

7 

9.670 

of  urine  talcen. 

8 

7.740 
10.130 
10,300 
[9,0301 

8.6G0 
6.525 
7,  .580 
6,230 

9 

10 

1 

11 

Some  urine  lost.    No  samples 
of  feces  or  urine  taken. 

12 

7,960 
7,900 
7,825 
9.410 

13 

14 

15 

1 

Total 

72.995 

8.111 

»30 

S80 

66.8.35 
8,604 

Daily  avcrat?o 

.947  j          79.12 

In  duct,  July  7 

In  ductj  July  15 

1 

1 

1 

1  Some  loss. 


s  Dry  matter. 


TABLE  XI — ^LIVE  WEIGHTS,  ETC.,  IN  METABOLISM  TBIALS.      243 


Table  XI. — Live  weighUf  water  consumed^  and  weights  and  composition  of  excreta — 

Continued. 


Live 
weight. 

Water 
con- 
sumed. 

Fresh 
weieht 

feces. 

Urine. 

Date. 

Weight. 

Specific 
gravity. 

Nitrogen. 

Percent. 

Weight. 

Jwu  SO  to  July  16, 190&-Con, 

Steer  B: 

June  30 

KilM. 
230.0 
230.7 
228.0 
229.0 
227.6 
231.0 
229.0 
231.5 
231.0 
231.5 
233.0 
234.0 
231.5 
233.0 
235.5 
234.0 

JTiAw. 

{?:? 

13.4 
12.0 
18.0 
11.0 
16.0 
12.5 
14.0 
13.5 
17.0 
12.5 
13.5 
16.5 
11.0 
12.5 

Orstiif. 

CtratM. 

(Tronu. 

July    1 

6,630 

**"*3;ii6" 

3,410 
3,130 
3,120 
4,385 
3,170 
3,775 
3,700 
3,445 
3,545 
4,415 
4,0.'?0 
3,185 
4,365 
3,580 

* 

^  2 :..: ::.:.: 

3 

8.105 
7,916 
7,616 
7,856 
6,290 
7,490 
7,285 
7,015 
8,150 
7,930 
6,91£ 
7,610 
7,660 

No  samples  taken. 

4 

5 

6 

7 

8 

9 

10 

No  samp 

e  of  urine 

^Aken. 

11 

12 

13 

14 

15 

1.761 

Total 

73.100 

7,310 

>68 

37,210 
3,721 

656.26 

Dally  average 

Induct 

Urine  spilled,  July  9 

2,311 

.161 

3.72 

Dally  average 

65.90 

Nov.  7 tots,  1905. 

Steer  A: 

Nov.  7 

369.4 
368.4 
309.2 
368.4 
370.4 
370.9 
371.9 
379.9 
377.4 
377.4 

381.9 
378.9 
380.4 
380.9 
381.4 
382.4 

19.2 
20.0 
17.7 
20.0 
21.0 
16.0 
21.5 
11.7 
18.0 
19.0 

15.5 
16.6 
17.0 
16.5 
16.5 
17.2 

8 

11.985 
13,640 
13. 125 
12.595 
11.. 535 
10.245 
10,945 
10,410 
11,340 

9,240 
10.965 

9.455 
10,425 
10.910 

9,23,5 

3.780 
3,465 
3.850 
3,850 
3,870 
4,105 
4,005 
3,720 
[3,940] 

4,275 
4.810 
41350 
4,720 
4.925 
5,010 

9 

10 

No  onmnloe  tul 

ceiL. 

11 

12 

13 

1.045 
1.040 
1.043 

14 

16 

...      1 

16 

Urine  not  sampled 
nor  included   in 
computation    on 
accoimt  of  small 
loss. 

17 

1.041 
1.040 
1.040 
1.048 
1.041 
1.040 

18 

19 

20 

21 

22 

Total 

103. 170 

10,317 

»  135 

39,920 
4,436 

Daily  average 

1.916 

84  98 

From  duct 

286.9 
275.5 
290.8 
283.8 
283.3 
281.8 
283.8 
285.3 
287.3 
288.3 
287.3 
287.3 
28U8 
290.8 
290.3 
289.8 

1 

Steer  B.- 
Nov. 7 

8 

29.8 
7.0 
13.5 
13.0 
15.0 
12.5 
14.0 
14.5 
13.0 
13.5 
16.0 
'       14.5 
13.0 
13.4 
15.2 

6.740 
8,605 
11,140 
9,920 
8,070 
7.920 
8.096 
8.470 
9,405 
6.940 
8,  .380 
7,660 
8.640 
8,225 
8,785 

3,610 
3,290 
3,080 
3,905 
3,820 
3,655 
3,035 
3,315 
3,7.30 
4.040 
3,950 
4,215 
3,955 
4,525 
3.965 

9 

10 

No  samples  taken. 

11 

12 

13 

1.050 
1.052 
1.050 
1.045 
1.044 
1.044 
1.040 
1.046 
1.042 
1.048 

14 

15 

16 

Feces  noi 

:  sampled. 

17 

18 

19 

20 

21 

22 

Total 

75.580 
8,398 
»65.6 

38.385 
3,839 

Daily  average 

1.886 

72.39 

From  duct 

1  Dry  matter. 
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Table  XI. — Live  lofi^to,  water  contumed,  and  weighU  and  eompontian  of 

Continued. 


Live 
weight. 

Water 
con- 
sumed. 

Frfsh 
weight 

feces. 

Uiine. 

Drte. 

Wei^t. 

1 

Specific 
gravity. 

Nitrogen. 

Percent. 

Weight. 

Jwttei9toJulf6,190e. 

Steer  A: 

June  19 ' 

456.0 
453.0 
453.8 
453.0 
458.0 
455.6 
450.6 
450.4 
451.0 
454.6 
451.4 
429.0 
447.4 
450.4 
457.8 
457.2 
458.6 
456.3 

Kiloi. 
25.2 
25.4 
27.6  ■ 
25.4  ; 
21.0 
25.4  1 
15.6 
23.6 
28.4 
24.8 
0.0 
40.0 
32.2 
36.6 
32.4 
31.0 
31.8 
33.7 

Oranu. 

Oram*. 

i 

GroiM. 

20 t 

i 

1 

21 1 

1 
( 

22 1 

23 

i 

24 

1 

1 

25 

1 

26 

f 

27 

14,586 
15,695 
18,430 
10,205 
11,510 
17,355 
18,270 
20,565 
18,770 
22,120 

»5,475 
5,400 

1.045 
1.045 

1.696 
1.647 

92.86 

28 

88.M 

29 

30 

5,800 
5,320 
5.015 
4.900 
5,710 
5.385 
5,930 

1.048 
1.045 
1.048 
1.042 
1.040 
1.042 
1.042 

1.482 
1.872 
2.043 
2.243 
L926 
1.923 
1.745 

86l85 

July    1 

'99.59 

^    2 

102.46 

3 

109.91 

4 

109.97 

6 

6 

103.55 
103.48 

Total 

167.505 
16,761 

48.795 
5,422 

897.61 

Dally  fivpnurf^ ^ .   . .          

1.840 
1.818 

99.73 

C0111D09't4*  Sftninte 

9B.57 

From  duct 

1,913 

1 

338.4 
331.0 
340.2 
335.0 
335.2 
340.0 
334.0 
336.0 
338.4 
3.36.2 
339.2 
337.4 
342.2 

343.2 
343.0 
342.6 
342.0 

12.4 
24.0 
14.2 
16.0 
16.8 
8.4 
18.6 
21.6 
16.4 
21.8 
18.8 
23.6 
22.4 
18.8 
17.0 
19.0 
19.0 
18.4 

Bteer  B: 

June  19 

20 

1 

1 

21 

1 

22 

:::::::::j::::;:::::i  ::::::::: 

23 

1 

24 



1 

25 

26 

1 

27 

28 

29 

9,735 
9,645 
9,220 
9,125 
9,065 
9,990 
9,830 
9,430 
8,800 
9,205 

4.545 
4,355 
4,440 
4,430 
4,485 
4.360 
4,635 
4,635 
4,810 

1.049 
1.051 
1.050 
1.050 
1.050 
1.050 
1.043 
1.048 
1.050 

1.674 
1.642 
1.720 
1.703 
1.805 
1.850 
1.768 
1.738 
1.604 

76.08 
71.61 
76.37 

30 

75.44 

July    1 

80.95 

'    2 

80.66 

3 

81.96 

4 

80.56 

5 

77.15 

6 

Total 

94,045 
9,405 

40.695 
4,522 

700.66 

Dally  average 

1.722 
1.708 

77.85 

Composite  sample 

77.24 

From  duct 

934 

J 

1 

^  Inchides  estimated  kMs  of  200  grams. 
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Table  XII. — Compositionof  dry  matter  of  feces. 


Componeiit  and 
energy. 


Aah 

Protein 

Nonprotein 

Crude  fiber 

Nitrogen-free  extract. 
Ether  extract 


Total  nitrogen... 
Protein  nitrogen. 


Energy.. ..per  gram. 


Dec.  1  to  10, 1904. 


SteeCA. 


Percent. 
9.86 

17.94 

28.94 

39.27 

3«  99 


} 


100.00 
2.87 


Calories. 
44.7201] 


Steer  6. 


Percent. 
9.91 

10.38 

30.49 

39.67 

3.55 


100.00 
2.62 


(MorieM. 
>  [4. 7201] 


June  30  to  July  15, 
1905. 


Steer  A. 


Percent. 
9.66 

17.03 

33.84 

36.50 

2.97 


100.00 
2.726 
2.450 

Caloriet. 
4.7778 


Steer  B. 


Percent. 
9.66 

19.96 

31.51 

35.84 

3.05 


100.00 
3.197 
2.340 

Calories. 
4.7929 


Nov.  7  to  22, 1905. 


Steer  A. 


Percent. 
10.11 

14.84 

26.42 

46.37 

2.26 


100.00 
2.374 
1.859 

Calories. 
4.6565 


Steer  B. 


Percent. 
10.20 

13.70 

29.14 

44.65 

2.31 


100.00 
2.192 
1.776 

Calories. 
4.6495 


June  19  to  July  6, 
1906. 


Steer  A. 


Percent. 
9.27 

16.77 

31.24 

40.41 

2.31 


100.00 
2.683 
2.220 

Calories. 
4.6799 


Steer  B. 


Percent. 
9.63 

14.92 

31.00 

41.84 

2.61 


100.00 
2.387 
2.125 

Calories. 
4.7639 


Average  of  the  other  3  periods. 
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LETTER  OF  TRANSMITTAL. 


United  States  Department  of  Agriculture, 

Bureau  of  Animal  Industry, 
Washington^  D.  C,  September  28^  1910. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  relating 
to  the  cattle  breeders'  associations  and  the  dairy  industry  in  Denmark, 
by  Frederik  Rasmussen,  professor  of  dairying  at  the  New  Hampshire 
College  of  Agriculture  and  Mechanic  Arts.  The  paper  was  written 
as  a  result  of  a  personal  visit  to  Denmark,  together  with  the  consulta- 
tion of  official  reports  and  with  cattle  experts  in  that  country. 

The  highly  specialized  nature  of  the  dairy  industry  in  Denmark, 
as  well  as  its  undoubted  success,  as  evidenced  by  the  high  appreciation 
of  Danish  products  on  the  British  market,  are  well  known.  Al- 
though it  may  not  be  practicable  or  desirable  in  this  country  to  fol- 
low in  all  respects  the  Danish  plan  and  methods  of  organization, 
some  of  the  features  can  probably  be  advantageously  applied,  with 
or  without  modification,  to  our  conditions,  and  the  information  con- 
tained in  the  paper  will  undoubtedly  be  of  value  to  our  dairymen  and 
to  others  who  may  be  interested.  I  therefore  respectfully  recom- 
mend the  publication  of  the  article  in  the  bulletin  series  of  this 
Bureau. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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CAHLE  BREEDERS'  ASSOCIATIONS  IN  DENMARK. 


BBEBF  HISTORY  OF  THE  DANISH  GATTLB  INDUSTRY. 

During  the  first  half  of  the  nineteenth  century  Denmark  was  a 
grain-producing  country.  Agricultural  success  was  measured  by  the 
raising  of  crops  from  a  soil  still  rich  in  natural  fertility.  This  for 
awhile  was  made'  possible  by  better  drainage,  by  a  rotation  of  crops, 
by  treating  the  soil  with  lime  or  marl,  and  by  the  use  of  improved 
agricultural  implements.  However,  it  was  inevitable  that  a  system  of 
farming  in  which  no  efforts  were  made  to  retain  or  add  to  the  fertility 
of  the  soil  would  sooner  or  later  become  unprofitable.  The  live-stock 
industry  at  this  time  was  of  secondary  importance.  Although  a  few 
cattle  were  kept  on  nearly  every  farm,  they  received  very  little  atten- 
tion.  They  were  pastured  in  summer,  and  as  it  was  thought  unprofit- 
able  to  feed  grain  the  stock  was  fed  in  the  winter  time  entirely 
on  hay  and  straw,  especially  the  latter.  Such  treatment  was  very 
detrimental  to  young  animals,  and  as  in  addition  no  systematic 
method  of  breeding  was  carried  out,  the  type  of  cattle  was  retrograd- 
ing instead  of  improving. 

Later  on,  when  it  became  manifest  that  owing  to  the  lack  of  farm 
manure  the  soil  was  being  gradually  deprived  of  its  fertility  ahd  its 
power  to  produce  profitable  crops,  the  live-stock  industry  began  to 
grow  in  importance.  The  local  conditions  favored  its  development 
along  two  lines.  In  the  main  portion  of  Jutland  the  beef  industry 
first  became  of  greatest  importance,  while  on  the  islands — Funen,  Zea- 
land, and  others — the  effort  was  directed  toward  the  production  of 
dairy  products. 

Prior  to  1850  the  general  method  in  use  to  dispose  of  cattle  in  Jut- 
land was  to  sell  the  steers  as  feeders  when  from  4  to  7  years  old,  to  be 
fattened  on  the  marshes  along  the  coast  of  Holstein.  In  the  year 
1864  a  permanent  direct  steamship  line  was  established  between  Jut- 
land and  England,  and  instead  of  selling  the  steers  as  feeders  they 
were  fattened  on  the  large  Danish  farms.  The  increased  demand  for 
beef  at  higher  prices  started  considerable  importation  of  Shorthorn 
cattle  from  England,  to  be  crossed  with  the  native  stock  for  develop- 
ment of  better  beef  qualities.  The  first  cross  was  very  promising, 
the  result  being  a  better  beef  form,  as  well  as  earlier  maturity.    But 
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when  the  farmers  began  indiscriminately  to  mate  cross-bred  animals 
of  second  and  third  generations  and  at  the  same  time  did  not  fulfill 
the  requirements  in  the  way  of  feed  and  care  demanded  by  the  Short- 
horns, a  retrogression  instead  of  an  improvement  was  the  result  The 
danger  of  this  method  of  breeding  was  soon  realized  by  some  of  the 
leading  agriculturists.  They  also  began  to  realize  that  the  Jutland 
cattle,  when  properly  fed  and  cared  for,  had  good  qualities  which 
formerly  had  been  overlooked,  and  in  some  places  the  Jutland  bi:eed 
was  kept  pure.  In  1881  definite  steps  were  taken  to  preserve  this 
breed  by  appointing  a  live-stock  commission  for  its  preservation  and 
improvement. 

The  importation  of  Shorthorn  cattle  had  an  important  effect  on  the 
development  of  the  cattle  industry  in  Denmark,  not  so  much  by  an 
infusion  of  blood,  but  by  giving  the  farmers  an  ideal  as  to  form  and 
teaching  them  the  importance  of  good  feed  and  care  in  the  rearing  of 
cattle. 

The  English  market  demanded  butter  as  wdl  as  beef,  and  after  a 
time  this  had  its  influence  on  the  development  of  the  Jutland  cattle. 
Although  the  beef  qualities  at  first  were  considered  of  greatest  im- 
portance, stress  was  afterwards  laid  on  the  milking  qualities  and  for 
a  time  efforts  were  directed  toward  the  development  of  a  dual-pur- 
pose breed.  As  it  proved  to  be  difficult,  if  not  impossible,  to  fix  both 
the  milk  and  beef  producing  tendencies  in  the  animals  so  that  both 
could  be  transmitted  with  certaintv,  this  effort  was  abandoned*  How- 
ever,  many  people  began  to  consider  the  milking  qualities  in  the 
animal  of  greater  importance  than  the  beef  qualities,  and  steps  were 
taken  to  develop  the  Jutland  cow  as  a  dairy  animal.  But  the  ma- 
jority of  people  continued  to  breed  for  beef,  as  is  shown  by  the  steady 
increase  in  the  importation  of  Shorthorn  cattle  until  about  1876,  the 
result  of  which  has  alreadv  been  discussed. 

In  1860  the  first  "  dairy  counselor "'  was  appointed  by  the  Royal 
Danish  Agricultural  Society,  and  the  time  from  1860  to  1880  marks 
the  period  of  transition  from  beef  to  milk  production.  During  this 
period  the  main  topic  for  discussion  in  the  agricultural  press  and  at 
meetings  was  the  relative  profit  in  the  production  of  beef  and  butter. 
The  profits  in  these  two  systems  were  often  expressed  by  comparing 
the  cost  at  which  the  manure  was  obtained.  For  instance,  a  report 
from  Gjedsergaard  in  1865  showed  that  where  dairying  was  carried 
on  the  cost  of  the  manure  represented  only  2.5  per  cent  of  the  value 
of  the  feed  consumed  (the  cows  l)eing  fed  liberally),  while  in  the  case 
of  feeding  for  beef  it  represented  14  per  cent.  This  statement  also 
illustrates  that  the  manure  was  considered  a  very  important  factor  in 
connection  with  the  cattle  industry  and  that  the  farmers  fully  realized 
the  value  and  necessity  of  the  manure  in  the  production  of  crops  on 
a  worn-out  soil. 


—Bull,  Elkjaeh  Hovding,  4i  Yeahs  Old.    Mehobook  No.  1442. 


Fig.  2.— Cow.  Herdbook  No.  55. 
JUTLAND    BREED    OF    CATTLE, 


129.  Bt>RL>L,  Of  Aniki 


— Knud  Lombjerge,  Bull,  Herobook  No.  16. 


Fie,  2.-C0W,  Hebobook  No.  229. 
RED    DANISH    CATTLE. 
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Although  the  period  from  1850  to  1880  shows  a  marked  improve- 
ment in  the  cattle  industry  in  Denmark,  this  was  due  to  better  meth- 
ods of  feeding  rather  than  to  a  systematic  application  of  the  prin- 
ciples of  breeding.  There  were  very  few  farmers  who  understood 
the  importance  of  the  bull  in  the  improvement  of  the  breed,  and  the 
nearest  and  cheapest  bull  was,  as  a  rule,  considered  the  best.  In 
some  sections  the  farmers  took  turns  in  keeping  what  was  called  the 
"  town  bull,"  each  man  keeping  a  bull  for  the  use  of  his  neighbors  for 
a  year.  These  bulls  seldom  reached  an  age  of  over  2  years,  and  were 
thus  disposed  of  before  they  were  fully  developed  and  before  their 
breeding  value  had  been  determined.  More  care  was  taken  in  the 
selection  of  the  heifer  calves  for  breeding  purposes;  they  as  a  rule 
were  selected  from  what  were  supposed  to  be  the  best  cows;  but  in 
regard  to  milk  production  this  was  simply  a  chance  selection,  for  very 
few  people  kept  records. 

THE  NATIVE  BBEEDS  OF  CATTLE  IN  DENMABK. 

The  Jutland  breed  has  already  been  referred  to  as  being  native  to 
the  mainland  of  Denmark.  The  other  native  breed,  the  Red  Danish, 
is  indigenous  to  the  islands.  The  cattle  in  Jutland  were  in  earlier 
daj's  known  for  their  beef  qualities,  especially  the  excellent  quality 
of  meat  they  produced,  while  the  cattle  on  the  islands  had  superior 
milking  qualities. 

The  characteristic  color  of  the  Jutland  breed  is  black  and  white, 
a  few,  however,  being  gray  and  white.  (See  PI.  I,  figs.  1  and  2.) 
Although  the  color  and  to  some  extent  the  general  appearance  would 
indicate  the  breed  to  contain  some  Holstein-Friesian  blood,  no  his- 
torical refi*rences  could  be  found  by  the  writer  to  that  effect.  The 
origin  of  the  breed  seems  unknown,  and,  as  one  writer  states,  it  is 
"  native  to  the  soil."  In  the  period  from  1820  to  1850  efforts  were 
made  to  improve  the  Jutland  cattle  by  an  infusion  of  new  blood,  and 
animals  were  imported  from  Tyrol,  Switzerland,  England,  and  Hol- 
stein  (those  from  the  latter  place  were  not  the  Holstein-Friesian 
breed,  but  a  red  breed  of  cattle).  However,  this  crossing  did  not 
result  in  an  improvement  of  the  Jutland  cattle  and  was  therefore 
discontinued. 

The  Red  Danish  cattle  (PI.  II,  figs,  1  and  2)  are  found  in  southern 
Jutland  and  on  the  islands  of  Funen,  Zealand,  and  some  of  the 
smaller  islands.  The  native  stock  which  forms  the  basis  for  the  Red 
Danish  breed  is  different  from  the  native  stock  from  which  the  Jut- 
land breed  originated.  As  the  name  indicates,  the  color  of  the  cattle 
is  red.  At  the  time  when  efforts  were  made  to  cross  the  native  cattle 
of  Jutland  with  the  cattle  from  Tvrol  and  Switzerland  similar 
attempts  were  made  to  use  these  breeds  to  improve  the  native  stock  on 

62535°— Bull.  120—11 1 


10  CATTLrE  BBEEDEB8'  ASSOCIATIONS  IN  DENMARK. 

the  islands.  Furthermore,  at  this  time  cattle  were  also  imported  to  the 
islands  from  Scotland  (Ayrshire)  and  Schleswig.  Most  of  these  im- 
ported breeds,  however,  have  had  very  little  influence  upon  the  devel- 
opment of  the  Red  Danish  cattle.  The  Red  Danish  cow  may  be 
said  to  be  a  cross  between  the  native  stock  of  the  islands  and  the 
Angler  (from  Angeln  in  Schleswig)  and  other  strains  of  cattle 
imported  from  Schleswig.  The  climatic  c(Hidition  of  the  islands  and 
of  Schleswig  are  practically  the  same. .  The  imported  cattle,  although 
in  several  respects  resembling  the  native  stock  on  the  islands,  had 
superior  milking  qualities,  but  were  hardly  as  rugged  in  constitution. 
The  result  of  this  crossing  has  been  the  development  of  a  new  and 
better  breed. 

OBGANIZATION  OF  CATTLE  BBEEDEBS'   A8S0CIATI0N& 

The  first  cattle  breeders'  association  was  formed  in  1874.  The 
object  of  this  association  was  to  keep  pure  and  improve  the  Jutland 
breed  by  the  use  of  purebred  bulls.  Eleven  purebred  bulls  were 
bought  and  placed  on  different  farms  in  the  community.  Tew  of  the 
farmers,  however,  fully  realized  the  value  of  the  purebred  bull  in 
improving  the  herd;  others  expected  greater  results  than  could  be 
accomplished  in  the  course  of  two  or  three  years,  while  the  Govern- 
ment, although  encouraging  the  movement,  made  no  special  provision 
for  the  aid  or  support  of  such  organizations.  Under  these  conditions 
probably  the  worst  mistake  made  was  to  start  the  association  on  so 
large  a  scale;  that  is,  with  too  large  a  territory,  too  large  a  mem* 
bership,  and  too  many  bulls  under  one  management.  The  farmers 
were  not  in  close  enough  contact  with  one  another,  and  it  was  a  diffi- 
cult task  for  the  management  to  suit  all  the  members  in  buying  and 
placing  the  bulls  as  well  as  in  other  work  which  necessarily  had  to  be 
left  in  the  hands  of  a  few.  The  result  was  that  the  farmers  gradu- 
ally lost  interest  in  the  work,  and  the  association  was  dissolved  in 
1878.  One  of  the  principal  reasons  for  the  success  of  the  smaller 
associations,  as  started  later,  is  that  the  members  are  in  closer 
contact  with  each  other,  giving  frequent  opportunities  for  discussing 
the  work,  and  also  that  a  greater  number  of  them  have  an  active  part 
in  the  work  of  the  association,  thus  securing  recognition  and  assum- 
ing responsibility,  which  are  two  very  important  factors  in  bringing 
out  the  best  results. 

In  1881  a  second  association  was  formed.  In  this  association  the 
selection  of  bulls  was  made  of  more  importance  than  previously,  as 
shown  by  a  paragraph  in  the  by-laws  pledging  the  members  to  use 
on  all  cows  from  which  calves  w^ere  to  be  reared  only  such  bulls  as 
had  been  passed  on  by  a  judging  committee. 

The  increase  in  the  number  of  associations  was  slow  until  1887, 
after  which  rapid  progress  took  place  in  all  parts  of  the  country. 
About  1881)  the  associations  in  some  localities  began  to  combine  under 
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one  management,  the  object  being  to  foster  cooperation  between  the 
local  and  the  state  agricultural  organizations  and  to  get  a  state 
representative  for  the  cattle  breeders'  associations.  Soon  after,  some 
of  the  agricultural  societies  offered  to  join  forces  with  the  joint 
cattle  breeders'  association,  and  a  common  representative  management 
was  agreed  upon.  An  expert  agricultural  counselor  was,  as  a  rule, 
appointed  by  the  joint  associations,  who  also  frequently  acted  as 
secretary  for  the  organization. 

There  were  1,095  cattle  breeders'  associations  in  operation  in  1906, 
owning  1,369  bulls  and  having  a  total  membership  of  26,200.  All 
of  these  associations  received  government  aid.  In  addition  there 
were  at  least  30  more  in  operation  which  did  not  receive  any  assist- 
ance from  the  Government. 

COW-TEST   ASSOCIATIONS. 

The  minutes  of  a  meeting  of  cattle  breeders'  associations  in  the 
district  of  Kolding  in  1894  states  that  discussions  took  place  in 
regard  to  having  regular  fat  determinations  made  of  each  individual 
cow's  milk  to  aid  in  the  selection  of  good  breeding  animals.  However, 
no  definite  steps  were  taken  to  carry  out  this  work,  and  in  1895  the 
first  cow-test  association  was  formed  in  Vejen,  largely  through  the 
efforts  of  members  of  the  cattle  breeders'  associations.  A  rapid  in- 
crease in  cow-test  associations  followed,  and  it  soon  became  evident 
that  these  associations  made  it  unnecessary  for  the  testing  of  cows 
to  be  taken  up  as  part  of  the  work  of  the  cattle  breeders'  associations. 
In  fact,  the  records  of  the  cow-test  associations  became  the  founda- 
tion and  guide  for  the  work  of  the  cattle  breeders'  associations,  and 
it  was  natural  that  the  former  soon  were  drawn  under  the  common 
management  which  already  existed  for  the  cattle  breeders'  associa- 
tions and  the  agricultural  societies. 

DUTIES  OF  EXPERT  COUNSELOR. 

As  has  been  stated,  these  common-management  organizations  em- 
ployed an  expert  counselor.  The  following  rules,  quoted  below,  laid 
down  by  the  common  management  for  the  district  of  Kolding,  will 
make  clearer  the  scope  of  his  work : 

1.  It  is  the  duty  of  the  expert  to  work  for  the  advancement  of  the  cattle 
breeders  and  the  test  associations  under  the  common  management : 

(a)  By  taking  part  In  meetings  and  fairs. 

(6)  By  assisting  in  the  selection  of  cows  for  the  various  cattle  breeders* 
associations. 

(c)  By  giving  lectures  as  arranged  with  the  presidents  of  the  official  associa- 
tions. 
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id)  By  attending  Btate  and  otbo*  shows  considered  of  importance  in  connec- 
tion with  his  work. 

(e)  By  assisting  in  the  organizati<Hi  of  cow-test  associations^  and,  when  neces- 
sary, helping  the  associations  in  making  out  yearly  reports. 

</)  By  assisting  the  indiridaai  memb^v  in  the  association  as  much  as  time 
permits. 

(g)  By  taking  charge  of  the  keeping  of  herd  books  for  herds  under  the 
common  management,  after  arrangement  with  its  conunittee. 

2.  The  cfxpert  works  under  the  direction  of  the  president  of  the  common  man- 
agement, discnssing  with  him  the  details  of  the  work.  It  is  his  duty  in  every 
way  to  further  the  development  of  the  cattle  breeders*  association  and  cow-test 
assiK'iations.  He  aino  receives  information  from  breeders  within  as  well  as 
outside  the  district  of  the  common  management  in  regard  to  bulls  of  good  breed- 
ing tliat  are  for  Kale,  enabling  him  to  direct  prospective  buyers.  But  the  expert 
must  in  no  way  liave  personal  financial  interest  in  the  sale  of  breeding  animals. 

3.  It  is  also  the  duty  of  the  ex|)ert  to  assist  the  agricultural  societies  in 
arranging  catalogues  for  fairs  and  similar  work. 

4.  Each  year,  before  May  1,  the  expert  gives  a  written  reiK>rt  of  his  work  for 
the  past  year. 

WORKIKa  DETAILS  OF  CATTLE  BBEEDEBS'  ASSOGIATIONB. 

Owing  to  the  necessity  of  first  describing  the  general  character  of 
the  cattle  breeders'  associations  and  the  gradual  changes  and  broaden- 
ing of  th^  movement,  little  has  been  said  so  far  in  regard  to  the  details 
of  the  work  and  the  aim  of  these  associations.  They  are  local  organi- 
zations, with  a  membership  of  from  4  to  60,  the  average  being  about 
24.  Tlie  aim  of  the  organization  is  to  produce  a  rapid  improvement 
and  development  of  the  cattle  in  the  community  by  the  purchase  of 
one  or  more  bulls  of  recognized  breeding.  As  the  members  of  the 
association  generally  own  more  cows  than  this  bull  or  bulls  can  serve, 
a  local  judging  committee  is  appointed,  which,  together  with  the 
expert  employed  by  the  common-management  association,  visits  each 
member  and  selects  a  number  of  cows  worthy  to  be  bred  to  the  asso- 
ciation bulls,  in  proportion  to  the  size  of  his  herd  and  the  total 
number  of  cows  in  the  association. 

The  bull  is,  as  a  rule,  stationed  with  the  member  who  submits  the 
lowest  bid  for  keeping  him,  the  price  varying  from  200  kroner 
($53.60)  to  335  kroner  ($89.78)  per  year.« 

Further  improvement  in  the  cattle  is  to  be  obtained  by  periodical 
inspection  of  the  herds,  by  advice  in  regard  to  the  rearing  of  young 
stock,  by  compulsory  exhibiting  at  association  shows,  and  by  taking 
part  in  county  and  government  shows, 

<>One  krone=26.8  cents  in  United  States  money,  which  makes  $1=3.73  kroner. 
In  the  remainder  of  this  bulletin  only  the  American  equivalents  of  stated  sums 
are  given,  except  in  the  Appendix,  consisting  of  quotations  from  Danisli  docu- 
ments, where  the  Danish  amounts  are  shown  as  well. 
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The  by-laws  of  the  associations  under  common  management  for  the 
island  of  Funen,  given  in  the  Appendix,  are  the  result  of  the  experi- 
ence in  this  work  up  to  the  present  time.  They  explain  several 
details  of  the  work  of  the  association  and  show  the  thoroughness  of 
the  organization.  Although  these  laws  govern  only  a  certain  district, 
yet  those  of  other  districts  in  the  country  for  both  the  Jutland  and 
the  Ked  Danish  breeds  of  cattle  are  almost  identical,  so  they  can  be 
taken  as  representative  of  those  for  the  whole  of  Denmark. 

METHOD  OF  FINANCING  AN  ASSOCIATION. 

The  principal  items  of  expense  in  starting  an  association  are  the 
cost  of  the  bull  and  the  necessary  books  and  blanks  for  keeping  rec- 
ords. To  cover  these  expenses  a  loan  is  obtained,  for  which  each 
member  is  responsible  in  proportion  to  the  number  of  cows  he  has 
registered  in  the  association.  In  this  way  the  individual  members 
do  not  have  to  furnish  the  necessary  funds  for  starting  the  enterprise, 
and  thus  it  is  possible  for  farmers  with  small  means  to  participate. 
To  protect  the  association  from  losses  which  might  be  incurred  by 
accident,  sickness,  or  death,  valuable  bulls  are,  as  a  rule,  insured  in 
special  cooperative  insurance  companies. 

The  revenue  for  the  maintenance  of  the  association  is  derived  from 
membership  fees,  service  fees  of  the  bull,  the  government  aid,  which 
averages  $40.20  per  annum  for  each  bull  belonging  to  the  association, 
and  the  income  from  premiums  at  fairs  and  shows. 

GOVERNMENT  AID  AND   SUPERVISION. 

Government  aid  and  supervision  have  been  very  important  factors 
in  the  development  of  the  Danish  cattle  industry,  especially  since 
1902,  when  the  laws  relative  to  the  promotion  and  breeding  of  domes- 
tic animals  were  revised,  making  provision  for  additional  appro- 
priations and  support  for  the  cattle  breeders'  associations.  (See 
Appendix  for  details.) 

The  following  is  a  statement  of  the  government  appropriation  in 
1906  for  the  promotion  of  breeding  and  keeping  of  domestic  animals : 

Premiums  at  agricultural  association  shows $29,480 

Premiums  at  the  breeding  association  shows  under  common  manage- 
ment    5,360 

Premiums  for  goyemment  stallion  shows 20,100 

Premiums  for  goyernment  bull  shows 20,100 

Horse-breeding  associations 32,  IGO 

Cattle  breeders'   associations 37,520 

Swine  breeders'  associations 1.072 

Sheep  breeders'  associations 1,340 

Cow-test   associations 20, 100 

Salaries  to  association  experts 8,040 
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For  competitive  dairy  test $6,700 

Breeding  centers  for  swine 12,060 

Publishing  herd  books 5,360 

Miscellaneous  Institutions  for  the  improvement  of  domestic  animals 10, 720 

Government  show  commissions 10,318 

For  the  eradication  of  certain  contagious  diseases  and  to  prevent  the 
spread  of  tuberculosis 53,600 

Total 274,030 

The  total  state  appropriations  for  the  promotion  of  agriculture 
amounted  to  $1,120,930.  This  is  a  very  large  sum  of  money  when 
compared  with  the  appropriations  by  our  Federal  and  State  govern- 
ments for  similar  work.  It  should  be  considered  also  that  Denmark 
is  a  very  small  country,  only  a  little  over  one-fourth  the  size  of  the 
State  of  Iowa,  although  the  population  is  slightly  larger — about  2^ 
millions.  Furthermore,  much  more  can  be  accomplished  for  this  sum 
of  money  in  Denmark  than  can  be  accomplished  for  a  similar  amount 
in  the  United  States.  For  instance,  the  average  wages  of  106  assist- 
ants in  charge  of  the  test  association  on  the  island  of  Funen  in  1906 
was  about  $120  per  year.  The  state  appropriation  for  a  cow-test 
association  is  $67.  Thus  a  little  over  one-half  of  the  assistants'  wages 
was  paid  by  the  State. 

One  striking  feature  of  the  state  appropriations,  which  is  also 
alluded  to  elsewhere,  is  that  of  giving  in  proportion  to  the  interest 
shown  in  the  enterprises  undertaken  by  the  various  associations.  The 
fact  that  the  State  distributes  money  in  proportion  to  the  amount  the 
breeding  associations  or  agricultural  societies  themselves  can  produce 
is  an  incentive  for  the  associations  to  raise  as  much  money  as  possible 
and  helps  greatly  to  keep  up  interest  in  the  work. 

It  must  not  be  understood,  however,  that  the  Government  controls 
all  the  agricultural  associations  receiving  government  aid.  Although 
there  is  a  well-regulated  supervision  of  government  money  expended, 
it  is  a  supervision  which  is  optional  to  the  cattle  owners.  The 
farmers,  in  forming  cooperative  associations  and  accepting  the  gov- 
ernment aid,  voluntarily  put  themselves  under  its  supervision.  As 
has  already  been  mentioned,  there  were  in  Denmark  in  1906,  besides 
1,095  breeding  associations  receiving  government  aid,  30  cooperative 
breeding  associations  which  did  not  receive  government  aid,  and  con- 
sequently were  not  subjected  to  government  supervision.  The  Govern- 
ment does  not  try  to  force  its  supervision  upon  the  cooperative 
societies,  neither  does  it  try  to  discourage  or  check  individual  enter- 
prise. The  great  advancement  in  cooperation  has  coine  from  the 
people  themselves.  They  have  felt  the  need  and  benefit  of  coopera- 
tion. Each  community  seems  to  have  furnished  its  own  leaders  and 
organizers,  of  whom  many  have  spent  a  great  deal  of  their  own  time 
and  money  in  fostering  the  spirit  of  cooperation  and  in  getting  the 
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people  to  see  that  the  welfare  of  a  country  or  of  a  community  Is  bound 
up  in  the  success  and  welfare  of  aiU  its  individuals  and  not  in  the 
success  of  a  few.  The  Government  has  in  a  wise  manner  encouraged 
cooperative  enterprises  and  rendered  them  stable.  It  has  guided, 
aided,  and  bound  together  the  organizations  which  served  the  best 
interests  of  all,  so  that  they  have  become  powerful  agencies  in  the 
developilig  of  the  agricultural  resources  of  the  country  and  in  pro- 
moting the  welfare  of  its  inhabitants. 

Besides  the  large  amount  of  money  set  aside  by  the  Government 
for  premiums  at  fairs  and  shows,  as  well  as  other  appropriations 
which  indirectly  benefit  the  cattle  breeders'  associations,  the  direct 
appropriation  for  these  associations  in  1906  was  $42,880.  As  before 
intimated  each  eligible  association  receives  an  amount  varying  from 
$84.84  to  $45.56  per  bull  yearly,  according  to  a  classification  adopted 
by  the  common  management  in  which  the  good  qualities  of  the  bull 
and  the  work  of  the  association  in  general  are  considered.  (For 
details  see  section  14  in  the  Appendix,  p.  36.) 

Additional  aid  to  the  extent  of  from  $13.40  to  $40.20  may  be  ob- 
tained by  breeding  associations  for  special  work  in  developing  good 
families.  Furthermore,  if  the  association  employs  an  assistant  to 
keep  records  of  the  yield  of  milk  and  butter  fat  and  the  food  con- 
sumed by  the  individual  cows  in  the  herds,  it  can  be  recognized  as  a 
cow-test  association  and  receive  an  additional  aid  of  $67  a  year. 

The  aid  to  the  cattle  breeders'  associations  is  apportioned  by  the 
minister  of  agriculture.  The  individual  association  applies  for  gov- 
ernment aid  through  its  common-management  association,  which 
refers  the  application  to  a  still  higher  common  management,  the 
latter  representing  also  the  cow-test  associations  and  agricultural 
societies  for  the  district.  This  body  considers  the  application  and 
recommends  to  the  department  of  agriculture.  Associations  receiving 
government  aid  are  at  all  times  subject  to  government  inspection. 

ELIGIBILITY   FOB  GOVEBNUENT   AID. 

In  order  to  be  eligible  for  government  aid  the  cattle  breeders'  asso- 
ciations must  have  their  by-laws  approved  by  the  minister  of  agri- 
culture. The  by-laws  must  contain  provisions  to  the  effect  that  the 
cows  of  the  members  shall  be  selected  under  the  proper  supervision, 
that  the  bull  shall  be  examined  twice  a  year  by  a  veterinarian,  and 
that  the  herds  shall  be  inspected  on  the  farms  at  least  once  a  year  by 
the  board  of  directors  or  a  committee  of  its  members.  Before  gov- 
ernment aid  will  be  granted  for  a  specified  bull  he  must  have  received 
a  premium  or  "recognition  money"  at  a  government  show  or  at  a 
breeding-association  show  supported  by  the  government. 
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In  explanation  of  the  phrase  ^'recognition  money ,^  it  shoold  be 
stated  that  at  these  shows,  in  addition  to  the  regular  premiums  dis- 
tributed, a  certain  sum  of  money  is  distributed  among  the  bulls  which 
do  not  receive  premiums,  but  which  are  considered  worthy  of  leoog- 
nition  as  good  bulls.    This  is  caUed  ^'  recognition  money.^ 

A  bull  to  be  eligible  for  government  aid  must,  furthermore,  win  a 
premium  every  year  at  a  breeding-association  show  until  such  time  as 
his  offspring  receive  premiums;  or,  after  having  reached  the  age  of 
3  years,  he  must  at  least  be  found  worthy  of  a  premium  at  a  govern- 
ment show  unless  special  conditicms  should  make  it  impossible  to  put 
the  animal  on  exhibition,  in  which  case  the  fact  must  be  certified  to  by 
the  chairman  of  the  district  show.  No  aid  shall  be  granted  before 
the  bull  reaches  the  age  of  If  years,  and  then  only  as  long  as  he  shall 
be  in  possession  of  his  full  breeding  capacity. 

In  case  a  bull  is  sold,  the  government  aid  can  be  retained  if  the 
association,  within  two  months  after  the  sale,  buys  another  bull  meet- 
ing the  above-named  requirements. 

The  Government  not  only  requires  certain  eligibility  rules  before 
granting  aid,  but  after  this  is  done  it  also  requires  a  complete  report 
from  each  association  at  the  end  of  the  year,  giving  detailed  infor- 
mation concerning  the  bull,  the  cows,  and  their  offspring,  and  the 
financial  condition  of  the  association.  This  supervision  keeps  the 
Government  in  touch  with  the  results  and  progress  of  the  work  in 
all  parts  of  the  country.  It  gives  an  opportunity  for  comparison 
between  individual  associations,  which  often  yields  much  valuable 
information  in  regard  to  the  success  of  the  work.  Furthermore,  the 
fact  that  a  very  detailed  report  is  required  once  a  year  means  that 
all  records  and  books  of  the  association  are  completed  at  that  time, 
which  helps  to  eliminate  to  some  extent  the  not  uncommon  careless- 
ness of  secretaries  and  treasurers  of  local  organizations  where  prompt- 
ness is  not  compulsory. 

The  following  blanks  used  for  making  application  for  government 
aid  and  for  making  yearly  reports  will  illustrate  the  extent  and 
details  of  the  government  supervision : 

AI»PLICATI0N  BLANK  FOR  GOVKRNMENT  AID  TO  CATTLE-BHEEDERS'  ASSOCIATIONS.^ 


Xnme  of  breeding  nsfloclatlon :  . 

Nnmo  of  coniinon  niann foment  association : 


''A  copy  of  tli(»  lawH  of  the  assocl.ition  must  accompany  the  application.  If 
all  associations  under  the  same  common  management  have  uniform  laws,  one 
copy  will  suftice  for  all  the  associations. 
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To  the  Departmeut  of  Agriculture: 
The  breeding  association  of  


lu 


province  hereby  applies  for 


government  aid  for  the  keeping  of  the  association  bulls,  according  to  law 
relating  to  domestic  animals  of  May  23^  1902. 

The  association  was  formed  the ,  and  has  to-day members,  with 

selected  cows.     The  association  has  subordinated  itself  to  the  common 


management  of  the 
opposite  page. 


the  declaration  of  which  will  be  found  on  the 


breed,  Is  named 


-,  and  was  pur- 
on  time. 


The  bull  belonging  to  the  association  is  of  the 

was  bom  In  the  month  of ,  In  the  year ,  with 

chased  at  a  price  of  ,  of  which  was  cash  and 

Its  pedigree  will  be  found  on  the  third  page.    It  has  been  owned  and  utilized 

by  the  association  since  ,  and  has  received  premiums  at  the  following 

shows  (name  the  circuit)  : 


Oovemnient  shows. 


Year. 


Prize. 


BrBedlng-association  shows. 


Year. 


PriM. 


Certificate  of  the  veterinarian  relating  to  the  health  and  breeding  capacity  of 
the  bull  will  be  found  on  next  page. 

Concerning  the  work  of  the  association  during  the  current  fiscal  year,  the  fol- 
lowing information  is  rendered:  [If  the  association  has  changed  bull  since  the 
last  1st  of  April,  it  must  be  stated  when  and  for  what  reason  the  former  bull 
was  sold.] 


The  breeding  association  of 


-,  the 


-,  190—. 


(Signature  of  president) 


-,  President, 


P.  O.  address 


veterinarian's  certificate. 


The  undersigned  has  to-day  examined  the  above-named  cattle-breeders*  asso- 
ciation bull,  named ,  and  found  it  healtliy,  and  particularly  not  suffering 

from  any  disease  liable  to  be  transmitted  by  service,  and  in  possession  of  Its 
breeding  capacity. 


-,  the 


-,190-. 


(Signed) 


Authorized  veterinarian. 


Indorsement  of  the  chairman  of  the  common  management : 
This  application  is  recommended. 


-,  the 


,190—. 


(Signature) 


Chairman  of 


62535**— Bull.  129—11- 
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REPOBT  TO  BE  SENT  TO  THE  DEPARTMENT  OF  AGKICULTt'KE  OX   THE   WORK  OF  CATTLK 

BBEEDERS*  ASSOCIATIONS  RECEIVING  GOVERNMENT  AID. 

To  the  Department  of  Agriculture. 

KEPORT 

for  the  yeor  from  April  1,  VM) — ,  to  March  31,  15)H — ,  fniiii -  csi tile  breeders* 

a88ociatioii,  subordinated  U* comniou  Diana jfeiiieiit. 


Qut'KtlonM.  AnKwrrs. 


I.  The  Association. 


1.  When  was  the  asscK'lation  formeil? 


2.  How  many  luenibers  had  the  asso- 
tlon  March  31.  UK)—? 


3.  How  many  members  are  also  mem- 
bers of  a  cow-test  asfl<K»latlonV 


II.  Information  C'oncerning  the  Bull  Owned  bv  the  Association  March  31, 

11H» — ,  at  the  End  of  the  Fiscal  Year. 


1.  Name  of  bull? 


2.  Breed  of  bull  V 


3.  When  l)orn? 


4.  Where  bornV 


$.  Where  reared? 


6.  When  bought? 


7.  The  price  [lald  for  the  bull? 

(The  amount  on  time  stated  sep- 
arately.) 


8.  When  and  where  dl<l  the  bull 
last  receive  a  premium,  and  whnt 
amount  ? 
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QiiOKtIoas. 


Answers. 


III.  Otiikr  Information  Concern  in  t;  tiik  Hull 


9.  How  many  selected  cows  did  the 
biill  serve  during  last  fiscal  year? 


10.  How  many  calves  were  dropped  last 
fiscal  year  by  cows  servM  by  the 
bull? 


11.  How  often,  in  the  course  of  the 
year,  has  the  bull  been  examined 
by  a  veterinarian,  and  at  what 
times? 


12.  With   whom    Is   the   bull    stabled? 
(Name  and  i)ost-oflfice  address.) 


IV.  The  Cows. 


1.  How   many   selecte<l   cows  did    the 
association  have  March  31, 190 — ? 


2.  Who  selected  the  cows? 


3.  Are  the  select e<l  cows  marked? 


4.  Are  the  selei'te<l  cows  divided  into 
classes?     How  many  in  each? 


5.  Have  the  herds  of  the  members 
been  examined  at  their  farms  by 
direction  of  the  management? 
Who  made  the  examination? 
When  was  it  made? 


6.  How  many  cows,  all  told,  are  owned 
by  the  members? 


7.  How  many  casos  of  abortion  oc- 
curred with  one  or  more  of  the 
members  of  the  association? 


8.  Has  a  collective  examination  of  the 
select(Hl  cows  been  made  during 
the  year?     When  and  where? 


9.  What  service  f(^  has  been  charged? 
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Questions. 


Answei-H. 


V.  The  Offspbino. 


1.  Has  the  offspring  of  the  selected 
cows  been  collectively  examined 
by  the  management  of  the  asso- 
ciation?   If  so,  when  and  where? 


2.  What    is    their   opinion    about    the 
offspring  on  the  whole? 


3.  Is  the  offspring  marked  according 
to  a  certain  system? 


VI.  Other  Remarks. 

(If  the  association,  in  the  course  of  the  year,  has  changed  bull,  information 
concerning  the  time  and  reason  should  be  given  here.) 

Account  for  the  year  from  April  /,  JOO — ,  to  March  SI,  100 — . 


EXPENSES. 


1.  Deficit  from  last  year. 

2.  For  feeding  bull 

3.  Insurance  of  bull 

4.  Veterinarian 

5.  Exhibition  of  bull . . 

6.  Interest 

7.  Payments 

8.  Other  expenses , 

Cash  at  end  of  year. . 


Total  exi)en8ea. 


I 


revenue. 


1 .  Cash  from  last  year 

2.  Service  fees 

3.  Prizes 

4.  Government  aid  for  the 


vear 

5.  Otner  rev'enue. 


Deficit  at  end  of  year. 
Total  revenue 


Debt  of  the  association  March  31 ,  190 — 

Property  of  the  association  March  31,  190 —  (value  of  bull  not  included) 


-,  breeding  association 


-,  190—. 
(Signed) 


-,  President. 
-,  Residence, 
-,  /*.  O.  address. 
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VALUE  OF  SHOWS  AND  FAIRS. 

Although  the  vahie  of  shows  and  showing  may  be  questioned  by 
some,  it  is  the  opinion  of  the  Danish  experts  and  the  majority  of  the 
farmers  that  cattle  shows  and  fairs  ha\'e  been  a  very  important  factor 
in  developing  the  cattle  breeders'  associations  as  well  as  the  whole 
cattle  industry.  As  early  as  1810  premiums  for  bulls  were  distributed 
in  a  few  sections,  but  not  until  after  1852  did  the  practice  become 
general  throughout  the  country.  In  1852  the  Government  appro- 
priated $4,073.60  for  the  yearly  distribution  of  premiums  for  live 
stock  at  fairs  and  shows.  That  the  Government  has  considered  this 
money  well  expended  is  shown  by  the  gradual  increase  in  the  amount 
appropriated  for  such  purposes,  until  in  190G  it  reached  $85,358. 

The  shows  have  gradually  increased  in  number  as  well  as  in  exhibits 
and  attendance.  People  have  come  to  appreciate  more  and  more  the 
educational  benefit  of  showing,  and  the  efforts  of  the  Government  and 
the  management  of  the  shows  are  'directed  toward  making  them  as 
educational  and  of  as  much  practical  value  to  the  people  as  possible. 

The  shows  may  be  classified  as  follows: 

1.  Agricultural-association  shows. 

2.  Shows  of  breeding  associations  under  common  managements. 

3.  Government  bull  shows. 

4.  Shows  for  young  stock. 

5.  Agricultural  conventions. 

The  agricultural-association  shows  get  an  annual  subsidy  from  the 
Government  equal  to  the  amount  the  associations  themselves  appro- 
priate for  premiums  for  breeding  animals.  The  shows  of  breeding 
associations  under  common  management  get  twice  the  amount  they 
themselves  contribute  for  prizes.  The  government  bull  shows,  which 
are  more  fully  described  in  the  succeeding  chapter,  get  an  annual 
appropriation,  varying  according  to  the  recommendation  of  the  bull- 
show  commission.** 

The  first  show  for  young  stock  was  held  in  1892.  The  aim  of  this 
show  was  to  get  together  the  best  of  all  the  young  stock  of  all  breeds 
from  the  whole  country.  In  the  development  of  the  breeds  the  aim 
had  been  the  fixing  of  certain  characteristics.  The  bringing  together 
of  the  young  stock  would  afford  an  opportunity  to  study  uniformity 
of  development,  as  well  as  giving  the  best  animals  from  the  different 
show  circuits  an  opportunity  to  compete  against  each  other.  These 
shows  have  now  become  annual  affairs  and  are  held  in  different  loca- 
tions each  year,  so  as  to  make  them  as  educative  as  possible.  The 
number  of  entries  and  visitors  has  increased  from  year  to  year,  for 

m 

"For  details  In  regard  to  distribution  of  preuiinnis  see  sections!,  2,  4,  n.  8.S, 
iu  Appendix. 
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besides  the  educational  value  the  shows  have  also  ooine  to  be  of  con- 
siderable importance  as  a  place  to  sell  and  buy  breeding  stock. 

Agricultural  conventions  are  held  from  time  to  time.  The  prin- 
cipal object,  as  far  as  the  cattle  industry  is  concerned,  is  the  same  as 
for  the  yearly  shows  of  young  stock,  except  that  animals  of  all  ages 
are  shown. 

.OOVEBNKEKT  SHOW  COMXISSIOKS  AND  BDXL  SHOWS. 

The  government  show  commission  is  a  body  of  men  appointed  by 
the  minister  of  agriculture,  who  supervises  all  the  fairs  and  shows  re- 
ceiving state  aid  for  premiums.  The  country  is  divided  into  thirteen 
districts,  or  circuits,  in  each  of  which  is  a  bull  commission.  The 
chairman  of  this  commission  is  appointed  by  the  minister  of  agricul* 
ture  and  is  a  member  of  the  government  show  commission,  the  rest 
of  the  members  of  the  commission  being  appointed  upon  the  recom- 
mendation of  the  agricultural  societies  in  the  district 

In  1906,  $20,100  was  appropriated  for  premiums  at  government 
bull  shows,  for  bulls  over  3  years  old  and  in  possession  of  full  breed- 
ing power.  In  each  of  the  thirteen  show  districts  is  held  one  or  more 
annual  bull  shows,  which,  as  a  rule,  are  held  in  connection  with  other 
agricultural  association  shows.  The  amount  of  money  appropriated 
by  the  government  for  premiums  is  distributed  by  the  minister  of 
agriculture  among  the  show  districts  according  to  the  recommenda- 
tion of  the  chairman  of  the  government  show  commission,  who  in  ad- 
vance has  secured  reports  and  recommendations  from  the  chairman 
of  the  bull-show  commissions.  In  the  distribution  are  considered  the 
number  of  animals  \vhich  have  been  exhibited  and  have  received 
premiums  during  the  last  year  within  the  district,  and  the  number 
of  animals  present  at  the  last  government  show. 

The  government  show  commission  prepares  the  necessary  rules  to 
guide  the  judges,  thus  assuring  a  uniform  system  of  judging  through- 
out the  country. 

The  bull-show  commission,  however,  decides  upon  the  number  and 
amount  of  premiums,  the  rules  for  distributing  the  same,  and  the 
place  where  the  show  is  to  be  held.  Furthermore,  the  commission 
judges  the  animals  and  distributes  the  premiums. 

In  aw^arding  premiums  the  offspring  of  the  competing  animals  are 
particularly  considered,  so  that  the  principal  part  of  the  money  ex- 
pended is  on  account  of  the  power  of  the  bull  to  produce  good  off- 
spring rather  than  for  his  individuality. 

If  a  bull  receives  a  premium  the  owner  is  under  obligation  to  let 
the  animal  remain  in  the  country  for  breeding  purposes  until  the  1st 
of  May  the  following  year,  which  practically  means  for  a  year  after 
the  premium  has  been  awarded,  as  all  the  shows  are  held  during  the 
summer  months.    In  case  the  receiver  of  a  premium  decides  to  forego 
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this  obligation,  the  prenuimi  is  to  be  retiinied  to  the  government 
treasury. 

It  is  also  the  duty  of  the  chairman  of  the  bull-show  commission  to 
see  that  records  are  kept  containing  accurate  descriptions  as  well  as 
information  in  regard  to  the  pedigree  and  offspring  of  the  bulls  re- 
ceiving premiums.  A  report  on  these  topics  and  a  statement  of  the 
amount  distributed  in  premiums  and  otherwise  expended  for  the  hold- 
ing of  the  bull  show  in  each  district  is  sent  to  the  minister  of  agri- 
culture each  vear  before  the  end  of  October. 

The  importance  of  the  bull  shows  in  developing  the  cattle  breeders* 
associations  and  in  improving  the  cattle  of  the  country  can  not  be 
overestimated.  As  previously  stated,  in  the  distribution  of  the  prizes 
by  far  the  most  importance  is  placed  on  the  offspring.  It  is  not 
uncommon  for  a  bull  or  a  stallion  which  has  been  unable  to  take 
premiums  as  an  individual  to  receive  high  awards  when  shown  with 
offspring.  These  shows  therefore  give  to  bulls  which  may  be  lack- 
ing somewhat  in  form  and  general  appearance,  but  which  have  the 
power  to  produce  good  offspring,  a  chance  to  be  recognized  and 
valued  as  they  deserve.  On  the  other  hand,  bulls  which  have  ranked 
high  before  the  age  of  3  years  may  be  entirely  out  of  the  show  ring 
later  if  they  can  not  produce  good  offspring.  As  the  real  value  of  a 
bull  depends  upon  the  quality  of  his  offspring  more  than  on  his  ap- 
pearance, these  shows  have  had  a  marked  influence  upon  the  rapid 
improvement  of  the  cattle. 

METHOD  OF  JTTBOIKO  AT  SHOWS. 

Many  changes  mark  the  development  of  the  judging  of  cattle  at 
shows.  The  scale  of  points  on  one  of  the  first  score  cards  in  use  was 
24,  giving  16  points  for  the  escutcheon  and  8  points  for  build  and 
general  appearance.  This  seemingly  undue  importance  laid  on  the 
escutcheon  was  principally  due  to  the  Frenchman,  Guenon,  who  at 
that  time  called  special  attention  to  the  escutcheon  as  an  indication 
of  good  milking  capacity.  The  score  card  was  gradually  changed 
and  broadened.  More  divisions  in  the  scale  of  points  were  made  as 
the  importance  of  the  different  features  which  constituted  a  good 
dairy  animal  became  clearer. 

In  1887  the  ancestors  of  the  animals  were  for  the  first  time  con- 
sidered in  the  judging,  by  giving  8  points  in  a  scale  of  72  for  pedigree. 
In  1903  the  government  show  commission  revised  the  score  card  for 
dairy  cattle  as  follows : 

Points. 

Form  and  sizt? 15 

Quality  and  dairy  temiJerament :_-    12 

Milking  qualities 12 

Pedigree 12 

Total 51 
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The  points  given  for  pedigree  were  to  be  considered  under  the 
following  heads : 

Points. 

a.  I>etailed  information  In  regard  to  ancestors 2 

b.  Premiums  awarded  to  the  animals  mentioned  in  i)edlgree 3 

c.  The  importance  of  the  family  in  the  development  of  the 

breed 3 

d.  Detailed  information  in  regard  to  amount  of  milk  and  per 

cent  of  fat  in  milk 4 

Total 12 

In  the  judging  of  animals  at  fairs  and  shows  it  has  become  the 
aim  more  and  more  to  place  the  animal  according  to  its  breeding 
value  as  shown  by  its  offspring  and  by  performance.  Although  the 
methods  employed  with  this  in  view  differ  in  various  parts  of  the 
country,  all  are  working  toward  this  end.  At  a  show  held  in  Copen- 
hagen in  1905  there  was  a  class  for  herds  of  cows  with  authenticated 
records.  In  order  to  be  eligible  to  this  class  heifers  after  the  first 
calf  had  to  show  a  record  of  at  least  5,500  pounds  of  milk,  with  an 
average  of  3.2  per  cent  fat.  From  heifers  after  second  calf  an 
average  was  required  of  at  least  G,050  pounds  for  the  two  years,  with 
3.2  per  cent  fat,  and  for  aged  cows  an  average  of  6,600  pounds  of 
milk  a  year,  with  3.2  per  cent  fat.  In  the  herd  contest  the  average 
per  cent  of  fat  in  each  herd  exhibited  was  required  to  be  at  least 
3.4  per  cent.  For  every  additional  one-tenth  of  1  per  cent  1  point, 
not  to  exceed  d  points  in  all,  was  added  to  the  total  score. 

The  herd  premiums  were  awarded  first  according  to  the  appearance 
of  the  cows;  then  an  additional  premium  was  given  for  production. 
In  the  classification  according  to  production,  330  pounds  of  butter 
was  given  1  j)oint,  and  an  additional  half  point  was  given  for  each 
11  pounds  of  butter  over  330  pounds.  Half  a  point  was  given  for 
a  fat  content  of  3.5  per  cent,  and  for  every  additional  one-tenth  of  1 
per  cent  half  a  point  was  added." 

Upon  this  scale  the  herds  were  recognized  in  the  following  classes: 

(Mass  I  A 7  ix)iuts  or  more. 

Class  I  B 5to7iioints. 

Class  II  A 3to5points. 

Class  II  B lto3points. 

«  The  customary  method  of  calculating  butter  is  as  follows:  The  loss  of  fat 

in  skim  milk  and  buttermilk  is  estimated  at  0.15  i)ound  of  fat  in  every  100 

pounds  of  milk;  and  the  butter  is  considered  to  contain  86  i)er  cent  butter  fat. 

This  gives  the  formula : 

[(Pounds  of  milk  X  i>ercentage  of  butter  fat)  — dwunds  of  milk  X  0.0015)]X 

100 
'  -^=l>ounds  of  butter. 
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By  this  method  of  judging  both  the  quantity  and  the  quality  6f 
the  milk  was  taken  into  consideration  as  well  as  the  individuality 
of  the  animals. 

At  an  agricultural  convention  in  the  island  of  Funen  in  1906,  in 
order  for  a  bull  to  compete  for  prizes  it  was  required  to  present 
authenticated  records  of  his  dam  for  at  least  two  years.  Further- 
more, her  production  had  to  be  at  least  198  pounds  «  of  butter  a  year 
for  her  first  and  second  years,  and  275  pounds  for  the  following 
years.  After  complying  with  these  requirements  the  bulls  could  be 
entered  in  two  classes,  to  be  judged  either  for  their  individuality  or 
for  their  offspring. 

Not  only  in  Denmark,  but  also  in  other  European  countries,  much 
stress  is  laid  upon  pedigree  and  yield  in  the  judging  of  dairy  animals. 
In  Sweden  the  following  score  card  has  been  successfully  used  in 
the  judging  of  young  bulls : 

Points. 

Pedigree 3 

Yield  of  ancestors 3 

Form,  jrenernl  nppoarnnce,  and  strenjrtli 3 

Total 0 

Under  pedigree  are  especially  considered  the  male  ancestors  and 
their  power  to  transmit  their  characteristics,  and  under  the  yield  of 
ancestors  is  considered  the  amount  produced  of  both  milk  and  butter. 

That  the  above  methods  of  judging  can  be  carried  out  success- 
fully is  principally  due  to  the  cow-test  associations,  the  records  of 
which  are  taken  as  authenticated  for  this  work.  It  has  been  a  point 
for  much  discussion  as  to  how  much  importance  should  be  placed 
upon  pedigree  and  how  much  upon  records  in  the  judging  of  an 
animal.  To  go  from  a  system  of  judging  on  individuality  alone  to 
a  system  of  judging  almost  entirely  on  the  records  would  be  going 
from  one  extreme  to  another.  The  fact  that  form  is  the  result  of 
function  does  not  make  the  judging  on  individuality  without  founda- 
tion. However,  by  also  placing  due  importance  on  the  ancestors 
and  their  production,  stress  is  laid  upon  those  points  that  specially 
determine  the  value  of  the  animal  for  both  breeding  and  economic 
purposes. 

MASKET  PBIGES  OF  BULLS  AND  CONDITIONS  OF  TBANSFEB. 

In  1906  the  average  price  for  bulls  of  the  Jutland  breed  was 
$406.27,  $152.76  of  this  being  cash  and  $253.51  "  on  condition."  The 
average  for  the  Red  Danish  breed  was  $480.79,  of  which  $192.69 

^One  Danish  pound  equals  1.102368  English  pounds.  The  weights  men- 
tioned in  this  bulletin  are  all  given  in  English  pounds,  taking  1.1  English  as 
equal  to  1  Danish. 
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was  cash  and  $288.10  '"  ou  condition."  The  conditional  part  of  the 
sale  is  explained  as  follows : 

Since,  in  order  to  obtain  government  aid,  bulls  must  be  recognized 
at  the  shows  receiving  government  support,  it  is  common  to  buy  bulls 
for  a  certain  sum  of  money  payable  on  delivery  and  an  additional 
sum  according  to  the  recognition  the  bull  receives  in  the  show  ring. 
A  further  sum  may  also  be  paid  if  the  bull  gets  over  a  certain  per 
cent  of  the  cows  he  serves  with  calf  or,  in  case  he  is  shown  the  first 
time  with  offspring,  if  he  receives  a  premium  of  not  less  than  a  cer- 
tain rank.  As  it  may  take  two  years  before  some  of  the  terms  can 
be  decided  upon,  the  buyer  is,  of  course,  responsible  and  liable  to  the 
seller  for  the  treatment  the  animal  receives  up  to  that  time.  The 
seller  must  furnish  a  guaranteed  pedigree  as  well  as  health  certificate, 
including  test  for  tuberculosis,  and  also  guarantee  that  the  bull  is  in 
possession  of  his  breeding  power.  The  fact  that  the  greater  part  of 
the  purchase  price  of  the  animals  depends  upon  conditions,  as  stated 
above,  shows  how  the  people  value  and  are  willing  to  pay  for  those 
qualities  in  the  bull  which  can  not  be  judged  from  his  outward 
appearance,  but  which  largely  determine  his  value  for  improving  the 
lierd.  (See  Appendix,  p.  38,  for  complete  form  of  contract  commonly 
used  in  sale  of  bulls.) 

DIFFICULTIES  ENCOUNTEBED  IN  THE  WORK  OF  THE 

ASSOCIATIONS. 

Some  of  the  diflSculties  the  associations  have  had  to  meet  and  which 
in  many  cases  hinder  the  good  results  to  be  expected  from  this  work 
are: 

1.  The  associations  do  not  as  a  rule  keep  their  bulls  long  enough. 
Many  of  the  associations  keep  their  bulls  only  one,  two,  or  at  the 

most  three  years.  This  time  is  altogether  too  short  to  ascertain  the 
real  breeding  value  of  the  bull  as  shown  by  the  offspring.  The  prin- 
cipal reasons  for  this  frequent  change  of  bulls  are  that  many  farmers 
fear  evil  effects  from  inbreeding,  and  that  the  bulls  become  either 
vicious  or  nonbreeders.  That  they  become  vicious  is  often  attributed 
to  the  custom  of  changing  the  boarding  place  of  the  bull  from  year 
to  year  in  order,  perhaps,  to  save  a  few  dollars  on  his  keep.  Often 
the  bulls  become  nonbreeders  due  to  overfattening,  lack  of  exercise, 
or  too  heavy  service  when  young. 

The  result  of  this  frequent  change  of  bulls,  even  of  the  same  breed, 
is  in  many  cases  a  hindrance  to  the  development  of  the  cattle  industry 
in  the  community,  since  the  offspring  from  year  to  year  are  lacking 
in  uniformity. 

2.  Some  associations  have  too  large  a  membership. 
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It  can  readily  be  understood  that  if  an  association  is  too  large  in 
membership  and  in  number  of  cows  the  benefit  to  the  individual  mem- 
ber becomes  smaller.  Associations  having  a  membership  of  from 
40  to  60,  with  from  300  to  400  cows  and  only  1  bull,  will  not  be  nearly 
so  important  as  will  the  smaller  associations.  It  is  considered  that  a 
full-grown  bull  can  be  used  on  125  to  150  cows  a  year  if  the  time  of 
calving  is  scattered  throughout  the  year ;  but  as  a  rule  the  cows  are 
bred  during  a  few  months,  and  in  such  cases  the  ratio  of  cows  to  bulls 
should  not  be  more  than  50  to  1,  especially  if  the  association  is  aiming 
to  keep  the  bull  for  several  years. 

3.  Frequency  of  abortions. 

Although  all  cattle  breeders'  associations  have  rules  prohibiting 
cows  that  have  aborted  from  being  bred  to  association  bulls,  yet  in 
many  cases  abortions  have  been  spread  by  the  bull  from  herd  to  herd. 
Abortion  in  a  herd  not  only  causes  an  immediate  loss  due  to  a  lower 
production,  but  may  check  improvement  in  the  herd  for  several  years. 
To  prevent  the  spread  of  the  disease,  not  only  is  great  care  taken  in 
disinfecting  the  bull  after  each  service,  b'ut  in  some  associations  there 
is  carried  out  a  frequent  systematic  veterinary  inspection  and  exam- 
ination of  all  cows  in  the  association. 

4.  Members  do  not  alwavs  use  the  association  bull. 

In  some  communities  the  members  may  have  to  lead  their  cows  a 
considerable  distance  to  reach  the  association  bull.  This,  as  also  the 
higher  service  fee,  often  causes  members  who  are  not  fully  alive  to 
the  importance  of  a  well-bred  bull  in  improving  the  herd  to  neglect 
to  bring  their  cows  to  the  association  bull. 

IKFLXTENCE    OF    CATTLE    BBEEDEBS'    ASSOCIATIOKS    T7P0N    THE 

DAIBY  INDTTSTKY. 

The  influence  of  the  cattle  breeders'  associations  is  especially  marked 
along  the  following  lines: 

1.  By  organization  and  cooperation  it  became  possible  for  the 
smaller  farmers  to  obtain  a  rapid  improvement  in  their  herds,  which 
otherwise  would  practically  have  been  impossible. 

2.  They  have  constantly  and  forcibly  demonstrated  to  the  farmer 
the  value  of  a  purebred  bull  of  recognized  family  in  the  improve- 
ment of  the  herd. 

3.  The  herd  books  and  records  kept  by  the  associations  have  taught 
the  farmer  to  appreciate  the  value  of  a  pedigree  in  the  selection  of 
breeding  animals. 

4.  By  cooperating  with  the  cow-test  associations  and  agricultural 
societies  it  has  become  possible  to  employ  many  cattle  experts,  who 
not  only  have  acted  as  educators  and  advisers  but  to  whom  is  due  the 
credit  for  the  uniform  and  systematic  way  in  which  this  work  is 
carried  on  throughout  the  country. 


28  CATTLE  BBEEDERS^  ASSOCIATIONS  IK  DEKMABK. 

The  important  part  played  by  the  breeders'  associations  in  the  im- 
provement of  the  cattle  is  quite  noticeable  at  the  fairs  and  shows.  A 
few  years  ago  the  greater  portion  of  the  animals  exhibited,  especially 
bulls,  belonged  to  individual  farmers  owning  large  herds.  To-day 
not  only  do  more  bulls  in  the  show  rings  belong  to  the  breeders'  as- 
sociations, but  these  most  frequently  carry  off  the  highest  honors.  By 
means  of  these  associations  a  large  number  of  the  smaller  farmets 
who  could  not  afford  to  keep  or  buy  a  high-priced  bull  for  a  few  cows 
have  had  an  equal  opportunity  for  improving  their  herds,  as  well  as 
equal  chances  at  the  shows,  with  the  farmers  who  own  the  large  herds. 
Furthermore,  they  have  added  greatly  to  the  interest  taken  in  the 
shows  and  fairs,  as  each  member  of  an  association  takes  a  personal  in- 
terest and  pride  in  having  his  association  bull  successfully  meet  the 
often  very  keen  competition. 

GROWTH  OF  THE  INDUSTRY. 

The  number  of  cows  in  Denmark  in  1866  was  812,000,  with  an 
average  annual  production  of  about  2,200  pounds  of  milk  per  cow. 
The  number  of  cows  in  1903  was  1,089,073,  with  an  average  produc- 
tion of  5,720  pounds.  The  average  annual  production  at  the  present 
time  is  estimated  to  be  about  6,600  pounds  of  milk  per  cow. 

The  increase  in  the  production  has  been  specially  noticeable  as  the 
cooperative  movement  has  taken  hold  of  branch  after  branch  of  the 
cattle  industry  as  well  as  other  phases  of  agricultural  work  which 
indirectly  would  influence  its  development.  The  period  from  1880 
to  1883  will  always  be  memorable  in  the  history  of  Danish  agricul- 
ture, because  it  marks  the  organization  of  the  first  cooperative  cream- 
ery, the  first  permanent  cattle  breeders'  association,  the  publishing  of 
the  first  public  herd  book,  and  the  appointment  of  the  committee  for 
the  preservation  and  improvement  of  the  Jutland  breed.  It  also 
marks  the  period  at  which  Denmark  ceased  to  export  grain,  due  to 
the  fact  that  it  proved  more  economical  to  feed  it  to  the  cattle.  Since 
then  not  only  has  the  grain  raised  in  the  country  been  fed  to  the  live 
stock,  but  the  importation  of  grain  and  concentrated  feedstuffs  has 
increased  from  year  to  year.  In  1907  the  imports  amounted  to  1,608 
million  pounds  of  grain,  987  million  pounds  of  oil  meal  and  oil  cake, 
and  131  million  pounds  of  bran  and  gluten,  a  total  of  2,726  million 
pounds.  The  larger  portion  of  this  large  total  of  feedstuffs  has  been 
used  in  the  production  of  butter,  of  which,  in  1907,  200,069,200  pounds 
were  exported  to  England.  But  in  addition  it  has  added  thousands 
of  dollars  worth  of  plant  food  to  the  soil.  The  fertility  once  lost 
through  the  marketing  of  the  grain  from  the  farms  has  not  only  been 
replaced,  but  in  many  sections  the  soil  is  richer,  and  is  at  present 
producing  larger  crops  than  ever  in  the  past. 
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It  is  well  to  remember  that  the  great  improvement  effected  in 
Danish  cattle  has  not  been  brought  about  by  importation  of  high- 
priced  animals  from  other  countries,  but  is  simply  due  to  organization 
and  cooperation,  careful  selection,  systematic  application  of  the  prin- 
ciples of  breeding,  and  good  care  and  liberal  feeding  of  the  cattle.  It 
is  the  result  of  having  a  definite  purpose  in  view  which  is  never  lost 
sight  of.  The  Jutland  cow,  once  primarily  kept  for  the  production  of 
beef,  has  been  changed  into  a  profitable  dairy  cow.  The  average 
annual  production  of  the  Red  Danish  cows,  according  to  the  creamery 
statistics  for  the  island  of  Funen  in  1907,  was  ,6,930  pounds  per  cow, 
an  amount  that  will  compare  favorably  with  any  dairy  breed. 

ACKNOWLEDGMENTS. 

The  author  desires  to  acknowledge  the  great  courtesy  received  in 
Denmark,  not  only  from  the  officials  and  experts  connected  with  the 
agricultural  department  and  the  agricultural  societies,  but  on  every 
hand  where  information  was  sought.  He  is  especially  indebted  to 
Lars  Frederiksen,  one  of  the  cattle  experts  employed  by  the  Jutland 
Agricultural  Society,  for  the  valuable  references  given  to  agricultural 
reports  and  to  other  agricultural  literature. 

The  following  literature  has  been  made  uhc  of  in  preparing  this 
bulletin : 

Konsulentberetning  ofjydske  Landboforenlnger,  1905.    8.  P.  I*eterseii. 

Husdyrbrug  of  1906.     Axel  Ai)i>el. 

Kvaegavl  og  Kvaegopdraet.    A.  Sveudseii. 

Landokononiisk  Aarbog,  1907.    H.  C.  I^rsen. 

Kvaegbnigets  Udvikling  i  Danmark,  A.  Appel  og  P.  A.  Morkeberg. 


APPENDIX. 

BY-LAWS  FOR  CATTLE  BREEDERS^  ASSOCIATIONS  UNDER  COMMON   MANAGE- 
MENT ON  THE  ISLAND  OF  FUNEN. 

Section  1.  The  aim  of  the  cattle  breeders*  associatiou  is  to  produce  the  sure 
and  rapid  development  of  a  sound,  well-built,  productive.  Red  Danish  breed  of 
milch  cows.  The  aim  shall  be  reached  principally  by  the  purchase  of  meritori- 
ous herd  bulls,  by  selecting  the  best  dams  (the  selection  being,  as  much  as 
possible,  based  on  information  about  yielding  capacity  and  pedigree),  by  a 
rational  treatment  of  the  offspring,  and  by  the  holding  of  local  shows  according 
to  rules  stated  below. 

Sec.  2.  (a)  Every  cattle  breeder  within  the  district  Is  eligible  to  membership 
who  subscribes  to  these  by-laws  and  has  in  his  herd  at  least  one  cow  which  Is 
considered  by  the  management  of  the  association  to  be  worthy  of  Joining  the 
ranks  of  the  breeding  animals. 

(h)  Members  who  join  later  enter  with  rights  and  obligations  In  proportion 
to  and  In  accordance  with  the  state  of  affairs  approved  by  the  last  general 
meeting. 

Sec.  3.  Members  may  be  accepted  at  any  time  on  aiiplication  to  the  chairman 
or  a  member  of  the  board  of  directors. 

Sec.  4.  Withdrawals  from  the  association  can  take  place  only  on  the  1st  of 
April  of  each  year,  and  notification  In  writing  must  be  sent  to  the  chairman  not 
less  than  one  year  In  advance  and  be  receipted  for.  From  the  day  of  receipt 
of  the  notification  the  member  shall  have  no  vote. 

Skc.  5.  The  management  of  the  association  slfiill  be  vested  in  a  board  of 

directors  of  members,  elected  for  four  years  by  the  general  meeting. 

Prom  the  board  of  directors,  which  elects  its  own  chairman,  members 

shall  retire,  alternately,  every  other  year;  the  first  time  the  retirement  shall 
be  by  lot,  later  according  to  turn.    Reelection  is  iiermitted. 

The  district  of  the  association  shall  be  divided  into  circuits,  with  a  member 
of  the  board  as  manager  of  each  circuit. 

Sec.  G.  The  members  of  the  board  of  directors  shall  see  to  the  enforcement 
of  the  laws  and  take  care  of  the  affairs  of  the  association.  When  the  chairman 
or  three  of  the  members  desire,  meetings  of  the  board  shall  be  held.  Both  at 
these  and  at  the  general  meetings  records  shall  be  kept. 

The  boiird  shall  select,  purchase,  offer  for  service,  exclude,  and  sell  the  herd 
bulls  of  the  association,  select  the  cows  of  the  members,  act  as  Judges  at  the 
local  shows,  and  give  the  members  advice  regarding  their  bookkeeping. 

The  chairman  shall  call  the  meetings  of  the  board  of  directors,  decide  when 
and  where  they  shall  be  held,  preside  at  the  same,  and  keep  the  minutes.  He 
shall  represent  the  association,  keep  its  corresiwndence  and  accounts,  and  act 
as  its  treasurer.  He  shall  be  re8i)onsible  for  the  funds  of  the  association 
intrusted  to  him  and  endeavor  to  make  them  profitable. 

The  circuit  managers  shall  work  for  the  benefit  of  the  association  in  their 
respective  districts  and  pay  strict  attention  to  the  work  there.  The  board  of 
directors  or  a  committee  of  the  members  shall,  once  a  year,  Inspect  the  herds  of 
the  members  on  their  farms. 
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Sec.  7.  The  herd  hull  must  be  sound  and  well  built,  of  Bed  Danish  milking 
breed,  and  recognized  good  pedigree.  He  shall  be  insured,  and  twice  a  year 
shall  be  examined  by  a  veterinary  surgeon.  He  should  not  be  utilized  for  breed- 
ing purposes  until  he  reaches  the  age  of  If  years.  When  purchasing  bulls,  the 
association  should  secure  guarantee  of  breeding  capacity.  The  bull  shall  be 
exhibited  every  year  until  he  shall  have  received  premiums  on  account  of  his 
offspring.  Until  the  age  of  3  years  he  shall  be  exhibited  at  a  breeding  asso- 
ciation show  subsidized  by  the  Government ;  and  after  the  age  of  3  years  at  the 
government  show.    He  shall  also  be  exhibited  at  the  local  shows. 

Sec.  8.  The  members  are  entitled  to  have  their  cows  served  by  the  association 
bull,  provided  that  the  cows  are  not  subject  to  abortion,  are  otherwise  healthy, 
and  are  approved  by  the  board  of  directors. 

Sec.  9.  The  fee  for  service  shall  be  determined  every  year  by  the  board  of 
directors,  and  shall  be  paid  by  the  members  in  proportion  to  the  number  of  their 
eligible  cows. 

Sec.  10.  Every  member  must  keep  the  records  directed  by  the  board  of 
directors  and  is  bound  to  exhibit,  at  the  local  shows  arranged  by  the  board  of 
directors,  all  selected  cows  and  their  offspring  by  the  association  bull  until 
the  heifers  become  i)regnant  for  the  first  time  and  the  bulls  reach  the  age  of 
2  years.  Calves  less  than  3  months  old  need  not  be  exhibited.  Each  calf  shall 
be  earmarked  with  the  number  of  Its  dam,  according  to  a  method  adopted  by  the 
management. 

The  members  shall  be^  bound  on  the  demand  of  the  board  of  directors  to  ex- 
hibit the  offspring  of  the  association  bull,  if  such  are  in  existence,  at  the  annual 
offspring  shows  preceding  the  government  shows. 

Sec.  11.  The  cows  shall  be  selected  and  a  record  kept  in  the  selection  book. 
The  selection  shall  be  conducted  under  proper  supervision,®  but  may  take  place 
at  any  time  of  the  year,  and  either  at  the  farms  or  at  the  local  shows. 

Only  healthy  animals  shall  be  admitted.  According  to  their  characteristics 
they  shall  be  divided  into  two  classes,  A  and  B,  the  former  of  which  includes 
animals  enpecially  suited  for  breeding  and  the  latter  comprises  animals  which  tmiy 
be  utilized  for  breeding  purposes.  Every  animal  shall  have  its  number  branded 
on  the  back  of  the  right  horn.  Cows  of  class  A  also  have  an  A  branded  on  the 
back  of  the  left  horn.  Branding  may  be  dispensed  with  when  the  cows  are 
otherwise  marked  in  a  safe  manner. 

Sec.  12.  The  board  of  directors  fixes  the  time  and  place  of  the  local  shows, 
and  notifies  the  members  eight  days  in  advance.  Any  cows  excluded  by  the 
circuit  manager,  with  the  acquiescence  of  the  owner,  need  not  be  exhibited,  as 
they  are  considered  stricken  out. 

Sec.  13.  The  fiscal  year  of  the  association  shall  run  from  the  1st  of  April 
to  the  31st  of  March.  The  chairman  shall  deliver  his  accounts,  and  they  shall 
be  returned  to  him  in  the  course  of  eight  days. 

For  accounts  relating  to  the  individual  cows  and  the  association  bulls  the 
adopted  forms  are  used.  When  the  selected  cows  have  been  accepted  by  a  cow- 
test  association,  the  forms  of  the  latter  are  used. 

Sec.  14.  A  regular  general  meeting  shall  be  held  once  a  year  after  eight 
days  previous  notification.  At  the  annual  meeting  the  audited  accounts  shall 
be  produced,  and  the  chairman  shall  give  a  short  report  of  the  work  of  the 
association  during  the  past  year.  Furthermore,  new  members  of  the  board  of 
directors  shall  be  elected  to  succeed  the  retiring  members  and  also  two  auditors. 


<>  See  law  on  domestic  animals,  in  Appendix,  paragraph  14. 
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All  questions  except  those  mentioued  in  section  16  are  decided  upon  by  a 
majority  vote.  The  votes  must  l>e  delivered  in  person.  At  the  general  meeting 
all  matters  or  questions  communicated  to  the  chairman  in  writing  at  least  four 
days  prior  to  the  meeting,  or  proposed  by  the  board  of  directors,  are  discussed 
and  acted  upon. 

Extra  general  meetings  may  be  called  by  the  board  of  directors,  and  must  be 
called  when  one-third  of  thf,  members  so  desire.  The  call  shall  be  issued  as 
aforesaid. 

Sec  15.  The  meml)ers  are  Jointly  resix>nsible  for  all  debts  contracted  in 
accordance  with  the  action  of  the  general  meeting  and  for  deficits  in  the  annual 
accounts  or  in  the  settlement  of  the  financial  affairs  of  the  association  when 
such  settlement  has  to  be  niade  on  account  of  the  death  or  sale  of  bulls  or  for 
any  other  reason ;  each  individuars  liability  being  in  proportion  to  the  greatest 
number  of  cows  registered  us  belonging  to  him  at  any  time  during  the  fiscal 
year,  regardless  of  whether  some  of  them  were  sold,  killed,  or  stricken  out. 
At  withdrawals  the  withdrawing  member,  in  order  to  be  relieved  of  his  liability, 
must  pay  the  proportionate  [X)rtion  of  the  debt  of  the  association,  according  to 
a  statement  rendered  by  the  board  and  approved  by  the  general  meeting.  He 
shall  not  be  entitled  to  any  ]x>rtion  of  a  i)ossible  surplus. 

Sec  16.  The  dissolution  of  the  association  can  only  be  agreed  upon  by 
a  general  meeting  where  three  fourth  of  the  members  are  present  and  when 
three-fourths  of  those  present  vote  in  favor  thereof.  If  no  quorum  should  be 
obtained  by  the  first  call,  a  new  general  meeting  shall  decide  by  a  majority  vote, 
regardless  of  the  number  of  members  present. 

LAW  RELATING  TO  INSTITUTIONS  FOR  THE  PROMOTION  OF  THE  BREEDING 

AND  KEEPING  OF  DOMESTIC  ANIMALS.* 

The  institutions  named  l)elow,  for  the  promotion  of  the  breeding  and  keeping 
of  domestic  animals,  shnll  be  aided  by  government  subsidies  as  follows: 

DISTRIBUTION   OF  PREMIUMS  AT  SHOWS. 

1.  The  provincial  agricultural  association  fairs  or  shows  may  receive  a  8ul>- 
sidy  which,  with  the  restriction  nnmcd  in  section  3,  shall  be  equal  to  the  amount 
the  associations  themselves  appropriate  for  premiums  for  breeding  animals. 
Agricultural  associations  holding  their  annual  shows  in  common  may  receive, 
subject  to  the  discretion  of  the  minister  of  agriculture,  a  further  aid  of  10  per 
cent  of  the  amount  named.    (See  sees.  2  and  3.) 

2.  Shows  in  common.     ( See  sees.  2  and  4  to  6. ) 

(a)  The  shows  conducted  by  associations  under  common  management  may 
be  aided  to  the  amount  of  twice  as  much  as  the  interested  associations  them- 
selves contribute  for  prizes  at  these  shows. 

4.  Government  shows  for  bulls  may  receive  the  amount  of  75,000  kroner 
(120,100).     (See  sees.  2  and  7  to  11.) 

BBEEDING  ASSOCIATIONS. 

6.  Cattle  breeding  associations  may  receive  150  kroner  ($40.20)  for  each  bull 
belonging  to  the  association.     (See  sees.  12  and  14.) 

7.  Breeding  associations  specially  apt  to  develop  good  strains  may  receive 
sums  up  to  20,000  kroner  ($5,360).     (See  sec.  15.) 

^  Only  those  clauses  which  influence  the  cattle  industry  are  here  quoted. 
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OTHER   INSTITUTIONS   BEXATINQ   TO   THE  BBEEDINO    AND   KEEPING   OF  DOMESTIC 

ANIMALS. 

9.  Test  associations  Dtiay  receive  up  to  250  kroner  ($67)  each;  not,  however, 
to  exceed  a  total  amount  of  120,000  kroner  ($32,160).    (See  sec.  17.) 

10.  For  competitions  between  entire  herds  there  may  be  appropriated  an 
amoimt  of  not  more  than  25,000  kroner  ($6,700).    (See  sec.  18.) 

13.  For  the  publication  of  herd  books,  an  amount  of  not  more  than  20,000 
kroner  ($5,360).    (See  sec.  21.) 

14.  For  experts  in  breeding,  a  subsidy  of  sums  up  to  three-flfths  of  their 
annual  salaries;  not,  however,  to  exceed  30,000  kroner  ($8,040).     (See  sec.  22.) 

15.  Institutions  not  included  in  those  above  named,  but  aiming  at  the  pro- 
motion of  the  breeding  and  keeping  of  domestic  animals,  and  in  the  Judgment 
of  the  minister  of  agriculture  deserving  support,  shall  receive  an  amount  not 
to  exceed  40,000  kroner  ($10,720). 

Furthermore,  the  Government  shall  defray  the  per  diem  and  transportation 
expenses  of  the  chairm^i  of  the  bull  and  stallion  show  commissions,  of  the 
judges  at  the  government  shows,  and  of  the  supervisors  of  the  shows  of  the 
breeding  associations,  and  the  expenses  connected  with  the  publication  of  the 
reports  of  the  government  show  commissions. 

Aid  fob  Pbemiums  at  Shows.* 

Sec.  2.  In  awarding  premiums  according  to  this  law,  everything  else  being 
equal,  the  first  animals  to  be  considered  shall  be  such  as  have  prominent  marks 
of  their  breed,  have  reliable  and  instructive  pedigree  records,  and  l>elong  to 
good,  and  as  far  as  possible,  pure  breeds  and  families. 

It  shall  also  be  looked  after  that  animals  having  received  premiums  at  one 
show  shall  not  receive  such  at  another  show  in  the  same  year ;  the  cooperative 
shows  mentioned  in  section  1,  paragraph  2,  and  shows  at  agricultural  conven- 
tions, however,  excepted. 

Sec.  3.  The  government  aid  mentioned  in  section  1,  paragraph  1,  shall,  in 
the  proportion  there  stated,  be  distributed  by  the  minister  of  agriculture  among 
the  agricultural  associations  working  for  the  promotion  of  the  breeding  and 
keeping  of  domestic  animals ;  provided,  however,  that  no  association  which  has 
not  been  in  existence  for  one  year,  and  has  not  at  least  150  contributing  mem- 
bers, with  annual  contributions  aggregating  at  least  300  kroner  ($80.40),  shall 
receive  government  aid  (provided,  however,  that  the  minister  of  agriculture, 
when  special  geogrnphical  conditions  make  it  desirable,  may  Ignore  this  rule)  ; 
and  further  provided,  that  the  number  of  kroner  in  the  subsidy  shall  not  be 
more  than  four  times  the  number  of  contributing  members  in  the  association. 

The  amounts  appropriated  may  be  used  for  premiums  and  recognition  money  ^ 
for: 

Bulls  between  1  and  3  years  old. 

Cows  and  heifers;  provided  that  individual  cows  or  heifers  shall  not  receive 
prizes  when  belonging  to  herds  of  more  than  six  milk  cows. 

Herds  of  at  least  three  members,  the  female  animals  of  which  must  have 
been  bom  in  the  ownership  of  the  exhibitor,  or  else  reared  by  him,  and  in  the 
latter  case  must  have  been  bought  by  him  before  they  were  3  months  old ;  and 
family  groups  of  cattle. 


"  Section  1  is  a  summary  of  the  provisions  stated  in  more  detail  in  section  2 
and  following  sections. 

*  The  term  "  recognition  money  "  is  explained  on  p.  16. 
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Bulls  under  2  years  of  age  and  mares  under  4  years  can  be  awarded  recogni- 
tion money  only. 

Tbe  amount  by  which  the  subsidy  may  be  Increased  for  associations  which,  in- 
stead of  holding  their  shows  separately,  hold  a  yearly  show  in  common,'  may  by 
the  minister  of  agriculture  be  allowed  to  be  used  for  either  premiums  or 
expenses. 

The  award  of  premiums,  both  at  the  shows  of  single  associations  and  at  shows 
held  under  common  management,  shall  be  made  by  a  judging  committee  chosen 
by  the  association.  Associations  which  desire  to  be  considered  in  the  allotmoit 
of  subsidies  from  the  goTernment  trensury  must,  before  the  end  of  March,  make 
application  therefor  to  the  minister  of  agriculture,  the  application  to  be  accom- 
panied by  information  as  to  whether  they  fulfill  the  conditions  required  for  the 
granting  of  subsidies,  and  as  to  the  size  of  the  fund  which  the  associations 
themselves  have  decided  to  distribute  during  that  year  in  premiuma 

The  time  for  holding  shows  Is  to  be  determined  by  the  associations  holding 
same,  after  consultation  with  the  government  show  commissioner  for  the  dis- 
trict In  which  each  association  is  located.     (See  Sec.  11.) 

Premiums  may  be  awarded  only  to  such  animals  as  are  pledged  to  be  kept 
in  the  country  for  breeding  purposes  for  at  least  one  year  after  the  payment  of 
the  premium.  If  any  such  animal  Is  sold  abroad  before  the  expiration  of  one 
year  the  premium  shall  be  refunded. 

In  other  details  the  rules  for  distribution  of  premiums  shall  be  made  by  the 
associations  themselves.  At  every  distribution  a  record  must  be  kept  in  which 
all  animals  that  are  awarded  premiums  shall  be  noted,  with  a  short  description 
of  their  breeding  and  characteristics,  on  forms  approved  by  the  minister  of 
agriculture.  An  extract  from  this  record  shall  be  sent  each  October  to  the 
minister  of  Agriculture,  who  thereafter  will  demand  the  return  of  such  sub- 
sidies as  any  association  may  not  have  used  or  which  are  distributed  or  kept 
contrary  to  the  foregoing  regulations. 

Sec.  4.  The  aid  mentioned  in  section  1,  paragraph  2a,  shall  be  distributed, 
in  the  proportion  there  stated,  by  the  minister  of  agriculture,  as  premiums  at 
the  shows  held  by  associations  under  common  management,  which,  besides  the 
kinds  of  animals  mentioned  In  section  3,  may  comprise  other  gatherings  of 
horses  and  cattle  and,  with  a  regular  intermission  of  three  years,  older  stallions 
and  bulls. 

Sec.  7.  The  amount  of  75,000  kroner  ($20,100)  mentioned  in  section  1,  para- 
graph 4,  shall  be  used  for  premiums  for  bulls,  only  bulls  more  than  3  years 
old  and  still  strong  and  in  possession  of  full  breeding  capacity  being  eligible. 

In  every  show  district  shall  be  held  an  annual  stallion  show ;  while  the  bull- 
show  commissions  in  one  or  more  connected  show  districts,  when  conditions 
make  it  desirable,  shall  hold  annual  shows  for  smaller  districts,  the  number 
of  which  must  not  exceed  the  number  of  counties  (Amtsraadskredse)  in  said 
show  district  or  districts,  and  the  boundaries  of  which,  as  much  as  possible, 
shall  coincide  with  those  of  the  counties,  provided  that  considerations  as  to  the 
kind  of  herds  or  geographical  conditions  do  not  necessitate  other  boundaries. 
The  division  Into  districts  must  be  approved  by  the  minister  of  agriculture, 
and  can  not  be  changed  without  his  consent,  after  a  new  general  election  of 
bull-show  commissioners.  Changes  in  the  district  divisions  necessitated:  by 
the  appearance  of  contagious  diseases  may  be  made  by  the  minister  of 
agriculture. 

The  amount  appropriated  by  the  Government  for  premiums  for  stallions  and 
bulls  shall  be  distributed  by  the  minister  of  agriculture  among  the  show  dis- 

**  As  provlde<l  In  section  1,  i>aragraphs  1  and  2<i. 
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tricts,  according  to  recommendation  from  the  chairman  of  the  government  bull- 
show  commission,  who  shall  secure  reports  and  recommendations  in  advance 
from  the  chairmen  of  the  stallion  ^  and  bull  show  commissions,  which  reports 
and  recommendations  shall  be  forwarded  to  the  minister  of  agriculture  at  the 
same  time  as  the  recommendation  of  the  chairman. 

In  the  distribution  shall  he  considered  the  number  of  animals  that  have  been 
exhibited  and  have  received  premiums  during  the  preceding  year  and  the  sta- 
tistical information  gained  by  the  last  enumeration  of  cattle  at  the  last  govern- 
ment shows,  which  information  sliall  be  forwarded  by  the  chairman  of  the  gov- 
ernment show  commission  to  the  chairmen  of  the  stallion  and  bull  show  com- 
missions, who  at  the  same  time  shall  be  requested  to  reKwrt. 

Sec.  8.  The  government  shows  shall  be  managed  by  stallion  and  bull  com- 
missions, respectively,  the  chairmen  of  which  shall  be  appointed  by  the  minister 
of  agriculture,  and  the  other  members  of  which  sliall  be  elected  for  a  term  of 
three  years  by  the  county  boards  from  among  the  men  proposed  by  *the  agri- 
cultural associations  indicated  below. 

To  the  bull  commissions  two  members  and  two  alternates  shall  be  elected 
by  the  couilty  boards  in  the  show  districts.  In  case  of  a  tie  vote  the  elec- 
tion shall  be  decided  by  lot.  Three  months  prior  to  the  election  the  county 
chairman  shall  request  each  agricultural  association  in  the  district  which  has 
150  members,  in  the  previous  year  has  appropriated  at  least  300  kroner  ($80.40) 
of  its  own  means  for  premiums,  and  holds  annual  shows,  to  proix>se  in  writing 
a  number  of  members  and  alternates  equal  to  the  number  to  be  elected  by 
the  county  board,  and  from  among  that  number  the  members  shall  be  chosen. 
If  there  should  be  only  one  agricultural  association  in  the  county,  the  latter 
shall  propose  twice  as  many  members  and  alternates  as  the  county  board  shall 
elect  Each  and  every  stallion  and  bull  show  commission  sliall  from  among  its 
members  elect  a  secretary,  who  shall  act  until  the  following  year*8  stallion  or 
bull  show  shall  have  been  held. 

Sec.  9.  The  stallion  and  bull  show  commissions  shall  decide  upon  the  number 
and  amount  of  premiums,  the  rules  for  distributing  the  same,  the  place  where 
the  show  shall  be  held,  and  the  expenses  necessary. 

These  decisions,  as  well  as  the  changes  in  and  amendments  to  the  same, 
adopted  by  the  commission  shall  be  published  by  the  commission. 

The  government  show  commission  shall  prepare  the  necessary  rules  to  guide 
the  judges. 

The  commissioners  shall  act  as  Judges  at  the  horse  and  bull  shows,  res|iec- 
tively,  and  shall  distribute  the  premiums. 

In  awarding  premiums  the  offspring  of  the  competing  animals  shall  be  par- 
ticularly considereil,  so  that  the  prlncii>al  part  of  the  amount  shall  be  ex|)ended 
for  premiums  for  good  offspHng. 

Bulls  that  have  received  premiums  may  be  branded  with  the  mark  of  the  com- 
mission, but  only  when  the  owner  so  desires. 

Whoever  receives  a  premium  thereby  assumes  the  obligation  to  let  the  animal, 
having  been  considered  worthy  of  It,  remain  in  the  country  for  bree<ling  pur- 
poses, If  It  is  a  bull,  until  the  1st  of  May  of  the  following  year. 

Should  the  receivers  of  premiums  neglect  to  fulfill  this  obligation,  the  pre- 
miums shall  be  returned  to  the  treasury,  unless  the  minister  of  agriculture  shall 
admit  that  special  reasons  for  such  neglects  have  been  proved.  Amounts  of 
premiums  to  be  returned  according  to  this  regulation  may  be  collected  by  legal 
proceedings. 

«  Stallion  show  commissions  and  bull  show  commissions  are  Independent  com- 
missions having  separate  funds  for  distribution.  Sums  of  money  quote<l  are 
used  for  promoting  cattle  Industry  only. 
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Sec.  10.  The  chairmen  of  the  stallion  and  ball  show  commiSBions  shall  deter- 
mine the  time  for  holding  stallion  and  bnll  shows.  They  shall  preside  at  the 
meetings  of  the  commissions  and,  with  the  assistance  of  the  secretaries,  keep 
records  which,  among  other  things,  shall  contain  accurate  descriptions  of  the 
stallions  and  bulls  that  have  received  premiums,  and  information  regardltig 
their  pedigree  and  offspring.  The  chairmen  shall  receive  the  amounts  appro- 
priated for  premiums  by  the  Government  and  distribute  the  same.  They  also, 
before  the  end  of  October  of  each  year,  shall  send  to  the  minister  of  agricul- 
ture a  complete  report  of  the  results  of  the  shows,  accompanied  by  a  transcript 
of  the  records  and  a  statonent  setting  forth  the  amount  distributed  as  premiums 
and  expended  for  the  holding  of  stallion  and  bull  shows,  etc. 

The  secretaries  of  the  commissions,  who  on  the  whole  shall  take  care  of  the 
preliminary  preparation  of  the  shows,  shall  advertise  for  not  less  than  two 
weeks  prior  to  the  holding  of  the  show,  In  the  most  widely  circulated  news- 
papers in  the  district,  the  place,  the  time,  and  the  amount  of  pr^nlums. 

Sec.  11.  The  chairmen  of  the  stallion  and  bull  show  commissions,  in  connec- 
tion with  the  government  expert  in  breeding  of  domestic  animals,  under  the 
presidency  of  a  man  appointed  by  the  minister  of  agriculture,  shall  form  a 
government  show  commission,  through  which  the  supervision  provided  for  in 
section  3  In  the  present  law  shall  be  conducted  in  such  a  way  that  the  full 
commission  shall  divide  the  associations  among  its  members,  and  one  of  the 
commission  chairmen  shall  be  present  at  each  association  show,  with  the  right 
to  take  part  in  the  deliberations  and  votes  of  the  Judging  committee. 

The  government  show  commission  shall  hold  a  regular  annual  meeting,  at 
which  questions  of  Importance  for  the  work  of  the  commission  shall  be  brought 
up  and  discussed,  and  issue  an  annual  report. 

AID  TO  BBEEDING  ASSOCIATIONS. 

Sec.  12.  The  aid  to  breeding  associations  discussed  below  shall  be  distributed 
by  the  minister  of  agriculture  and  only  be  given  to  associations,  the  alms  of 
which  are  recognized  ns  good  nnd  useful  and  which  are  recommended  by  the 
common  management  associations  of  the  province.  Applications  for  aid  shall  be 
sent  through  the  latter. 

The  brooding  associations  are,  as  far  as  the  application  of  the  government 
aid  Is  concerned,  subjected  to  the  supervision  of  the  minister  of  agriculture. 

Should  an  asfloclatlon  dissolve  during  the  fiscal  year  for  which  government  aid 
has  been  received,  the  minister  of  agriculture  shall  be  entitled  to  claim  the 
reimbursement  of  the  amount  or  a  proportionate  part  of  the  same;  for  this 
reimbursement  the  members  of  the  board  of  directors  are  Jointly  (one  for  all 
and  all  for  one)  responsible. 

Sec.  14.  The  cattle  breeders'  associations  referred  to  In  section  1,  paragraph 
6,  in  order  to  b?  eligible  for  government  aid,  must  have  their  by-laws  approved 
by  the  minister  of  agriculture.  The  by-laws  must  contain  provisions  to  the 
effect  that  the  cows  of  the  members  shall  be  selected  under  proper  supervision, 
that  the  bull  shall  be  examined  twice  a  year  by  a  veterinarian,  and  that  the 
herds  shall  be  Inspected  at  their  homes  at  least  once  a  year  by  the  board  of 
directors  or  a  committee  of  Its  members.  The  government  aid  shall  be  granted 
for  a  specified  bull  that  must  have  received  a  premium  or  recognition  money  " 
at  a  government  show  or  at  a  breeding  association  show  supported  by  the  Gov- 
ernment. Besides,  the  bull,  until  he  shall  have  received  offspring  premium, 
must  receive  every  year  a  premium  at  a  breeding  association  show  or,  after  hav- 
ing reached  the  age  of  3  years,  must  at  least  be  considered  worthy  of  a  premium 

«  See  p.  16. 
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at  a  goTemment  show,  unlefls  special  conditions  should  make  this  lmiH>ssibIe, 
in  which  latter  case  the  fact  must  be  certified  to  by  the  chairman  of  the  dis 
trict  show.    No  aid  shall  be  granted  before  the  bull  reaches  the  age  of  1}  years ; 
and  only  as  long  as  the  bull  owned  by  the  association  shall  be  in  possession  of 
his  full  breeding  capacity. 

The  annual  amount,  counting  from  the  day  the  bull  was  received  by  the  asso- 
ciation, shall  be  150  kroner  ($40.20)  for  each  bull ;  provided,  however,  that  in 
proportion  to  the  number  of  bulls  the  amount  intended  for  breeding  associations 
under  a  common  provincial  management  shall  be  distributed  in  amounts  ranging 
from  130  kroner  (134.84)  to  170  kroner  ($45.56),  according  to  a  classification 
adopted  by  the  common  management  at  which  the  good  qualities  of  the  bull  as 
well  as  the  work  of  the  association  in  general  shall  be  considered. 

If  the  bull  should  be  sold,  the  government  aid  shall  be  kept  without  dis- 
count, provided,  that  the  association,  within  two  months  after  the  sale,  shall 
purchase  another  bull  meeting  the  requirements  named  above. 

Sec.  15.  The  amount  of  aid  mentioned  in  section  1,  paragraph  7,  may  be 
utilized  by  the  minister  of  agriculture  for  the  further  encouragement  of  breed- 
ing associations  which,  by  the  exhibition  of  excellent  young  animals,  prove  them- 
selves to  possess  special  adaptation  for  the  development  of  valuable  strains  of 
cattle. 

The  passing  of  Judgment  on  the  young  animals  shall  occur  at  the  offspring 
shows  conducted  by  the  bull-show  commissions,  and  with  the  commissioners  as 
Judges. 

The  aid,  granted  in  amounts  ranging  from  50  kroner  ($13.40)  to  150  kroner 
($40.20),  shall  be  distributed  according  to  the  recommendation  of  the  interested 
common-management  associations. 

In  case  the  associations  here  mentioned  have  assistants  to  keep  herd  books 
and  accounts  of  the  yield  and  feeding  of  the  individual  cows,  they  may,  in 
acrcordance  with  section  17,  be  granted  additional  aid  as  cow-test  associations. 

AID  TO  OTHER  INSTITXTTIONS  CONCEBNED  IN  THE  BREEDING  AND  KEEPING  OF  D0ME6TI0 

ANIMALS. 

Seo.  17.  The  aid  mentioned  In  section  1,  paragraph  9,  shall  be  distributed  by 
the  minister  of  agriculture,  in  the  proportion  there  indicated,  to  cow-testing  asso- 
ciations which  have  ns  their  aim  to  instruct  cattle  owners,  increase  the  profits  of 
cattle  breeding,  and  promote  the  development  of  cattle  breeds  whose  milk  will 
yield  an  Increased  amount  of  butter;  such  efforts  being  made  on  the  basis  of 
investigations  Into  the  feeding,  milk  yield,  and  fat  content  of  milk  of  individual 

cows. 

Such  associations  must  have  at  least  8  members  and  2(X)  cows ;  but  the  min- 
ister of  agriculture  may  dispense  with  the  requirement  of  such  a  number  of 
members  or  cows,  either  In  consideration  of  the  scattered  population  of  the 
locality  and  special  local  conditions,  or  because  the  association  in  question  has 
taken  up  the  work  of  testing  and  other  branches  of  the  trade,  closely  connect^ 
with  the  principal  aims,  or,  finally,  when  breeding  associations  of  the  kind  men- 
tioned in  section  15  are  concerned. 

Associations  having  a  sufllcient  number  pf  members  and  cows  to  form  more 
than  one  association,  and  employing  more  than  one  assistant,  may,  at  the  dis- 
cretion of  the  minister  of  agriculture,  receive  aid  as  more  than  one  association. 

Cattle  breeders*  associations  or  mergers  of  such,  with  cows  to  the  number 
of  150,  which  have  taken  up  the  testing  and  examination  of  the  yield  and  feed- 
ing of  the  cows,  may  secure  aid  as  cow-testing  associations. 


38  CATTLE  BBEEDEBS'  ASSOCIATIONS  IN  DENMABK. 

The  by-laws  of  the  associations  must  be  approved  by  the  minister  of  agri- 
culture, to  whom  applications  for  aid  should  be  sent,  accompanied  by  a  declara- 
tion from  the  common-management  association  of  the  province 

Sec.  18.  The  aid  mentioned  in  section  1,  paragraph  10,  may  be  used  by  the 
minister  of  agriculture  for  holding  competitions  between  entire  herds. 

The  passing  of  Judgment  shall  be  based  on  a  two  years'  competition  conducted 
by  the  common-management  association  of  the  district. 

In  passing  Judgment,  besides  the  appearance  and  yielding  capacity,  the  ability 
of  the  individuals  to  transfer  the  characteristics  and  good  qualities  of  the 
breed  to  the  offspring  should  be  considered. 

Judgment  shall  be  passed  by  committees,  each  consisting  of  three  members, 
one  of  whom  shall  be  appointed  by  the  minister  of  agriculture  and  the  other 
two  by  the  breeding  association  which  conducts  the  competition. 

The  results  of  the  competition  shall  be  published. 

Two-thirds  of  the  expenses  connected  with  the  competition  shall  be  defrayed 
by  the  Government  and  one-third  by  the  interested  associations.  In  cooperation 
with  the  competing  members. 

Sec.  21.  The  amount  of  20,000  kroner  (|5,360)  provided  for  In  section  1,  para- 
graph 13,  may  be  expended  by  the  minister  of  agriculture  in  publishing  herd 
books  kept  by  the  cooperative  Danish  agricultural  associations;  and  if  the 
whole  amount  should  not  be  expended  for  that  purpose,  then,  on  the  recom- 
mendation of  the  Interested  common-management  association,  a  portion  of  it 
may  be  exi)ended  for  promoting  by  other  means  the  keeping  of  herd  books 
for  cows  by  the  ngrlcultural  associations  or  the  common  managements  of 
breeding  associations. 

Sec.  22.  The  amount  provided  for  in  section  1,  paragraph  14,  for  association 
experts  shall  be  distributed  by  the  minister  of  agriculture  in  the  proportion 
there  named  for  salaries  to  exi)erts  for  one  or  more  breeding  associations  and 
common  managements  of  cow-test  associations. 

The  government  aid  shall  be  subject  to  recommendation  from  the  conmion- 
manngenient  association  of  the  province. 

The  associations  or  the  common  managements  shall  take  care  that  the  experts 
render  an  annual  report,  according  to  further  directions  from  the  minister  of 
agriculture.  Illustrating  the  work  of  the  experts,  and  that  they  take  ])art  In  the 
combined  meetings  of  government  and  association  experts  called  by  the  sec- 
retary. 

Sec.  23.  With  the  i)ermlsslon  of  the  minister  of  agriculture,  and  on  terms 
fixed  by  him,  on  recommendation  of  the  interested  common-management  associa- 
tion, associations  working  for  the  Improvement  of  the  breed  may  hold  voluntary 
public  auctions  for  the  sale  of  breeding  animals  without  the  interference  of  the 
director  of  auctions  and  without  paying  fees. 

FORM  OF  CONTRACT  USED  IN  THE  PURCHASE  OF  BULLS. 
The  following  contract  is  this  day  made  in  regard  to  the  bull. 


(Nam^  of  bull.) 

owned  by and  dropi)ed 

(Name  of  owner.)  (Day  and  year.) 

at by 

(Place  of  birth.)  (Dam's  name  and  number.) 

This  contract  Is  made  on  the  following  conditions : 

Section  1.  The  seller  is  to  deliver  the  bull  at  his  own  expense  and  risk,  at 

(Time  and  place  of  delivery  must  be  definitely  agreed  on.) 
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Sec.  2.  At  the  time  of  the  delivery  of  the  bull  the  seller  will  furnish  to  the 
buyer : 

(a)  The  pedigree  of  the  bull.  If  the  seller  has  himself  reared  the  bull,  he 
guarantees  by  his  signature  on  the  pedigree  the  accuracy  of  the  Information 
therein  contained.  If  he  has  not  reared  the  bull  himself,  the  accuracy  of  the 
Iiedigrce  must  be  attested  In  such  manner  as  the  buyer  agrees  to  when  the 
bargain  is  made. 

(6)  A  veterinarian's  certificate  of  the  health  of  the  bull  at  time  of  delivery, 
in  which  it  must  be  specially  noted  that  the  tuberculin  test  has  been  applied, 
with  favoral)le  outcome.  If  there  is  anything  lacking  in  the  bull's  condition  of 
health,  and  the  buyer  is  for  that  reason  unwilling  to  accept  the  bull,  this  con- 
tract shall  become  void  and  neither  of  the  contracting  parties  shall  have  any 
claim  against  the  other. 

Sec.  3.  The  seller  guarantees  that  the  bull  is  willing  to  serve  and  able  to  get 
calves.  If  the  bull,  In  spite  of  proper  care,  proves  to  be,  in  the  Judgment  of  the 
buyer,  not  sufficiently  able  to  serve  and  get  offspring  the  first  year,  the  seller 
will  take  the  bull  back  again  and  refund  two-thirds  of  the  sum  received  in 
accordance  v^ith  section  4,  A.  of  this  contract,  and  all  the  conditional  pay- 
ments described  In  section  4,  B,  shall  thereupon  be  canceled. 

Sec.  4.  The  purchase  price  Is  agreed  upon  as  follows : 

A.  When  the  bull  Is  delivered  the  buyer  shall  pay kroner. 

B.  In  addition,  the  buyer  shall  pay  upon  the  conditions  named  below  the 
following  amounts  (conditional  payments)  : 

(a)  If  there  are  found  amongst  the  cows  served  by  this  bull  not  over 

I)er  cent  of  farrow  cows  in  any  one  of  the  first  years,  then  the  buyer 

shall  pay kroner  for  that  year ;  and  this  clause  shall  hold  good  for  each 

separate  year  of  the  number  of  years  specified. 

(6)  If  the  bull  Is  awarded  first-class  recognition  moneys  at  the  cooperative 
shows  of  the  Island  of  Funen,  the  buyer  shall  pay kroner. 

(c)  If  the  bull  is  awarded  first,  second,  or  third  premium  at  the  government 

show  for  bulls  in  the  year  ,  the  buyer  shall  pay  kroner.     (The 

year  following  the  show  indicated  in  (d),  next  paragraph.) 

(d)  If,  on  the  first  occasion  when  ofl'spring  of  this  bull  Is  exhibited  at  a  gov- 
ernment bull  show,  the  bull  is  awaI^ded  an  offspring  premium  of  at  least  second 
class,  first  degree,  the  buyer  shall  pay kroner. 

The  conditional  payments  agreed  uiK)n  under  (a)  shall  be  due  without  notice 

every  year  on  the  first  day  of  October,  beginning  with  October  1,  .    The 

amounts  agreed  ui)on  under  (6),  (c),  and  (d)  shall  Hkewlse  be  due  without 
notice  eight  days  after  the  above-mentioned  recognition  money**  or  premiums 
are  awarded  to  the  bull. 

All  payments  shall  be  made  at  the  residence  of  the  seller,  or  at  any  other 
place  which  he  may  designate  In  this  country,  without  expense  to  the  seller. 

Sec  5.  The  buyer  shall  exhibit  the  bull  at  the  shows  named  In  section  4, 
unless  prevented  by  111  health  on  the  part  of  the  bull,  which  must  be  certified 
by  a  veterinarian.  In  case  the  bull's  ill  health  prevents  exhibiting  him,  all 
conditional  payments  provided  for  in  section  4,  B,  shall  be  suspended,  but  the 
obligation  nevertheless  remains  upon  the  buyer  If  the  bull  In  that  year  wins 
any  of  the  awards  mentioned  In  section  4,  (b)  and  (c). 

Should  the  buyer  neglect  his  obligation  to  exhibit  the  bull  as  agreed,  he  shall 
be  bound  nevertheless  to  make  the  payments  agreed  upon  in  section  ,4,  (&) 
and  (c),  when  they  become  due. 
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Sec.  6.  The  buyer  Bball  keep  the  bull  iu  proper  conditiou  of  feed  for  breeding 
purposes,  and  give  him  in  all  respects  good  and  reasonable  care,  and  keep  faJjn 
covered  by  life  and  accident  insurance  to  the  amount  of  his  full  value. 

Sec.  7.-  Should  it  be  shown  that  the  seller  has  delivered  to  the  buyer  an  incor> 
rect  pedigree  or  a  false  veterinarian's  certificate,  or  that  the  seller  has  in  any 
other  way  given  to  the  buyer  false  information  about  the  bull,  the  buyer  may 
annul  the  contract,  and  the  seller  (even  if  he  has  ucted  in  good  faith)  shall  be 
bound  to  take  back  the  bull  and  refund  the  money  he  has  received  in  accordance 
with  section  4,  A ;  and,  furthermore,  must  pay  the  buyer  for  stable  room,  feed. 

and  care  an  allowance  of kroner  for  every  day  which  has  passed  since 

the  delivery  of  the  bull  to  the  buyer  until  his  return  delivery  to  the  seller ;  and 
neither  of  the  parties  shall  thereafter  have  any  further  claim  upon  the  other. 

If  the  seller  knowingly  furnishes  a  false  pedigree,  veterinarian's  certificate, 
or  other  information,  the  buyer  may  annul  the  contract,  and  the  seller  shall  not 
only  refund  the  sum  received  according  to  section  4,  A,  and  reimburse  the  buyer 
for  stabling,  feed,  and  care,  as  provided  in  the  first  paragraph  of  this  section, 
but  he  shall  moreover  pay  the  buyer  damages  to  the  e;Ltent  of  1,000  kroner. 

Sec.  8.  Should  the  seller  fail  to  fulfill  this  contract,  by  not  delivcf^ing  the  ball, 
or  by  not  delivering  him  at  the  time  and  place  agreed  on,  even  If  such  failure 
be  not  the  fault  of  the  seller,  the  buyer  shall  have  the  option  of  demanding  that 
the  contract  be  fulfilled  or  annulling  the  contract.  In  either  case  the  buyer 
shall  have  the  right  to  demand  damages  for  any  loss  suffered  by  such  non- 
fulfillment, and  particularly  for  traveling  expenses,  loss  of  time,  and  hotel  bills, 
incurred  in  the  trip  to  and  from  the  place  of  delivery.  Should  the  seller  refuse 
to  deliver  the  bull,  or  be  unable  to  do  so  (for  instance,  by  reason  of  having  sold 
him  to  some  other  party),  he  shall  be  l>ound  to  pay  damages  in  the  minimum 
amount  of  200  kroner,  and  more  if  the  buyer's  loss  shall  actually  amount  to  more. 

Sec.  9.  Should  the  buyer  be  deprived  of  the  bull  (by  the  operation  of  this 
contract  or  by  nonfulfillment  of  the  contract  on  the  part  of  the  seller),  then  the 
seller,  even  if  he  has  acted  in  good  faith,  shall  be  bound  to  refund  all  money 
received,  and  furthermore  to  pay  damages  of  at  least kroner. 

If  the  seller  has  known  in  advance  that  the  bull  would  not  be  available,  he 
shall,  besides  refunding  all  money  roceivcnl,  be  bound  to  pay  damages  of  at  least 
1,000  kroner. 

Sec.  10.  Should  either  party  refuse  or  neglect  to  fulfill  the  provisions  of  tlU&. 
contract  (including  section  0),  he  shall  be  bound,  whether  with  or  without  suit 
at  law,  to  t)ay  all  exi^enses  of  collection,  including  attorneys*  and  collectors*  fees, 
traveling  expenses,  and' other  expenses  of  collection,  even  if  the  amount  of  the 
claim  should  be  less  than  2O0  kroner.  In  regard  to  this  the  provisions  of  the 
law  of  August  6,  1824,  are  expressly  waived.  The  violator  shall  in  addition 
pay  interest  on  said  sums  which  are  to  be  paid  or  refunded  by  him,  at  the  rate  of 
6  per  cent  per  annum,  which  Interest,  on  the  amounts  agreed  upon  in  section  4, 
is  to  be  calculated  from  the  day  when  such  amounts  become  due,  and  on  other 
amounts  from  the  date  of  the  first  demand. 


(Place  and  date.) 

(Signature  of  seller.) 


(Signature  of  buyer.) 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Depaktment  of  Agricultuke, 

Bureau  of  Animal  Industry, 
Washington,  D.  C,  September  28,  1910, 
Sm:  I  have  the  honor  to  transmit  for  publication  the  accompanying 
manuscript  entitled   "Studies  on  the  Biology  of  the  Texas-fever 
Tick,"  by  H.  W.  Gray  bill,  assistant  zoologist  in  the  Zoological  Divi- 
sion of  this  bureau. 

A  large  number  of  publications  have  been  issued  from  time  to  time 
regarding  the  investigations  of  this  bureau  concerning  the  Texas- 
fever  tick  and  its  disastrous  effect  upon  the  cattle  industry  of  the 
South,  and  the  extermination  of  the  parasite  has  in  recent  years 
been  vigorously  pushed  both  by  the  Federal  Government  and  the 
several  States  involved.  In  order  that  this  work  of  extermination 
may  be  the  more  intelligently  and  successfully  carried  out  it  is' 
necessary  that  it  should  be  based  upon  the  most  accurate  knowledge 
possible  of  the  life  history,  habits,  etc.,  of  the  tick.  Accordingly 
the  experiments  herein  described  were  projected  in  order  to  add 
further  information  relative  to  certain  biological  features  of  the  tick 
which  may  have  a  bearing  upon  the  eradication  work.  The  experi- 
ments were  carried  out  in  cooperation  with  the  veterinary  depart- 
ment of  the  Alabama  Polytechnic  Institute,  at  Auburn,  Ala. 

I  reconmiend  that  the  paper  be  pubUshed  in  the  bulletin  series  of 
this  bureau. 

Respectfully,  A.  D.  Melvin, 

CJiief  of  Bureau, 
Hon.  James  Wilson, 

Secretarii  of  Agriculture. 
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STUDIES  ON  THE  BIOLOGY  OF  THE  TEXAS-FEVER  TICK. 


INTRODirCTnON. 

The  eradication  of  the  cattle  tick  {Margaropas  annvlatus)  from  the 
States  below  the  quarantine  line  has  been  shown  to  be  entireh^  feasible 
as  a  result  of  the  work  carried  on  during  the  past  five  years  by  the 
Bureau  of  Animal  Industry  in  cooperation  with  the  State  authorities. 
The  work  of  extermination  must,  obviously,  be  preceded  by  and  based 
upon  a  knowledge  of  the  life  history  of  the  tick,  its  habits,  and  the 
manner  in  which  it  is  affected  by  climatic  and  other  environmental 
conditions. 

In  order  to  supply  possibly  useful  data  relative  to  the  biology  of 
the  tick,  additional  to  that  already  collected  by  different  observers, 
a  series  of  investigations  was  arranged  for  and  carried  out  under 
cooperation  between  the  Zoological  Division  of  this  bureau  and  the 
veterinary  department  of  the  Alabama  Polytechnic  Institute  at 
Auburn,  Ala.  In  the  observational  part  of  these  investigations,  the 
results  of  which  are  recorded  in  the  present  paper,  the  writer  was 
assisted  by  Mr.  W.  M.  Lewallen.  Some  of  the  results  of  the  work  at 
Auburn  have  been  briefly  mentioned  in  an  earlier  paper  (Graybill, 
1909)  ^^^ 

HISTOBICAL. 

Up  to  the  time  that  Dr.  Cooper  Curtice'  (1891)  of  this  bureau 
established  the  fundamental  facts  in  the  life  history  of  the  cattle  tick 
it  was  commonly  assumed  that  the  life  history  of  this  species  corre- 
sponded to  that  of  certain  other  ticks,  which  fall  from  their  host 
before  shedding  their  skins  in  transforming  from  one  stage  to  another. 
Curtice,  however,  showed  that  the  cattle  tick  remains  on  the  host 
from  the  time  it  attaches  as  a  larva  until  it  falls  as  an  engorged 
female  to  deposit  its  eggs,  and  established  other  facts  relative  to  the 
duration  of  some  of  the  periods  in  the  life  cycle  and  the  changes  in 
structure  occurring  at  the  time  of  the  first  and  second  molts,  which 
were  supplemented  in  a  second  paper'  (1892)  by  further  data  concern-' 
ing  the  life  history,  habits,  and  structure  of  the  tick.  Smith  and 
Kilbome"  (1893),  who  were  the  first  to  demonstrate  and  prove  the 
connection  between  the  tick  and  Texas  fever,  puhHshed  a  number 

a  citations  to  literatare  are  given  In  bibliography  on  page  38.  , 
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of  important  facts  on  the  biology  of  this  parasite,  and  Schroeder  ^*'  '■' 
(1900  and  1907)  and  Schroeder  and  Cotton  "^-^i  (^ggo  and  1907)  in 
several  articles  issued  by  this  bureau  have  presented  considerable 
data  beanng  on  the  life  history  of  the  tick  and  its  relationship  to  the 
disease  which  it  transmits.  Curtice*  (1896)  was  among  the  first  to 
urge  the  undertaking  of  eradication  measures,  and  (1897) •  was  the 
first  to  show  how  cattle  could  be  freed  from  ticks  by  rotation  methods. 
Doctor  Curtice's  work  in  North  Carolina,  continued  by  Dr.  Tait 
Butler,  clearly  demonstrated  at  an  early  date  the  feasibility  of  tick 
eradication,  which  has  been  fully  confirmed  by  the  experience  of  the 
more  extensive  campaign  now  under  way  in  various  parts  of  the 
tick-infested  area. 

Several  investigators  connected  with  State  experiment  stations  have 
studied  the  tick  with  reference  to  its  life  history.  Dinwiddie  *  (1892'. 
of  the  Arkansas  Experiment  Station,  was  an  early  investigator,  who 
more  recently  (1908)*  has  published  further  observations.  Morgan 
(in  Dalrymple,  Morgan,  and  Dodson,^  1898)  reported  investigation:? 
conducted  in  Louisiana  having  to  do  with  various  stages  of  the 
tick,  especially  with  regard  to  the  influence  of  heat,  cold,  and  light 
and  the  effects  of  water  upon  the  tick  and  its  eggs.  Later  the  same 
author"'**  (1903,  1905)  discussed  and  emphasized  the  practicability 
of  freeing  cattle  and  pastures  of  ticks  by  following  pasture-rotation 
methods  based  upon  known  facts  in  the  life  history. 

Newell  and  Dougherty*"  (1906),  of  the  State  Crop  Pest  Coiiimission 
of  Louisiana,  made  a  comprehensive  study  of  various  periods  in  the  life 
cycle,  obtaining  valuable  data  on  the  duration  of  the  incubation  period 
and  the  vitality  of  the  larvae,  at  different  times  of  the  year.  Their 
work  was  conducted  at  Baton  Rouge,  La.,  and  they  formulated  a 
pasture-rotation  method  for  ridding  cattle  and  farms  of  ticks,  adapted 
to  conditions  prevailing  in  Louisiana.  Cotton*  (1908),  of  the  Ten- 
nessee Experiment  Station,  has  published  Ufe-history  notes  ba.sed  on 
investigations  conducted  at  Knoxville,  Tenn.,  and  has  suggested  a 
number  of  rotation  methods  for  tick  eradication. 

Recently  the  Bureau  of  Entomology  of  this  department  has  untler- 
taken  life-historv  studies  of  the  tick  and  has  issued  Bulletin  72,  bv 
Hunter  and  Hooker*^  (1907),  in  which  are  incorporated  the  results  of 
comprehensive  investigations  conducted  by  these  authors  at  Dallas. 
Tex.  The  results  obtained  by  these  investigators  are  confirmator>'  of 
the  earlier  work  of  the  Bureau  of  Animal  Industry  and  other  observers, 
and  in  addition  have  largely  increased  our  knowledge  of  the  biology 
of  the  tick,  supplying  data  concerning  all  stages  of  development, 
time  required  for  the  completion  of  these  stages  at  different  seasons 
of  the  year,  and  the  influence  of  variations  in  environment,  together 
with  suggestions  for  the  practical  application  of  the  information  given. 


THE  EGG   INCUBATION   TUBES.  9 

METHODS   OF   STUDT. 

The  plan  pursued  in  determining  the  incubation  period  of  eggs  and 
the  longevity  of  seed  ticks  in  the  investigations  at  Auburn  was  essen- 
tially that  followed  by  Newell  and  Douglierty"  ;1905).  A  number 
of  engorged  females  were  collected  at  the  beginning  of  each  month. 
After  oviposition  began  the  eggs  laid  by  each  tick  were  removed  at 
the  end  of  every  24  hours.  After  they  were  counted  each  lot  was 
placed  in  an  incubation  tube  marked  with  the  date  when  removed 
and  a  number  indicating  the  tick  which  deposited  them.  Careful 
observations  were  made  on  the  tubes  and  a  record  was  kept  of  the 
time  when  the  eggs  in  each  tube  began  to  hatch  and  when  tire 
hatching  was  completed,  also  when  the  larvie 
began  to  die  and  when  all  of  them  were  dead. 

At  the  outset  of  the  work  the  incubation  tubes 
used  were  test  tubes  of  the  type  employed  in 
bacteriological  work.  These  were  filled  half  full 
of  moist  sand.  A  cardboard  disk  cut  so  as  to 
fit  the  tul)6  was  pressed  down  on  tlie  sanii.  On 
top  of  this  was  placed  a  small  cube  of  cork,  and 
on  the  latter  was  placed  another  disk  similar  to 
the  first.  The  eggs  were  placed  on  the  upper 
disk.  It  was  found  necessary  to  use  these  disks 
in  order  to  prevent  the  eggs  and  seed  ticks  from 
becoming  mixed  with  the  sand,  which  would  liave 
rendered  observation  very  diflicult  an<i  also 
would  have  made  the  counting  of  the  unhatched 
eggs  and  dead  seed  ticks,  for  the  purpose  of  deter- 
mining the  percentage  of  eggs  hatching,  an  almost 
impossible  task.  Furthermore,  if  only  one  disk 
is  used  the  development  of  tl^e  eggs  is  frequently 
endangered  by  the  growth  of  mold.  When  the 
two  are  used,  separated  in  the  maimer  indi- 
cated, mold  frequently  grows  on  the  lower  one, 
but  does  not  often  attack  the  upper  one  in 
such  a  manner  as  to  endanger  the  eegs.  fio.  i.-vetdcaUuiw  uscii 

Inese  tubes,  however,  were  not  found  entirely  ticks. 
satisfactory  on  account  of  the  fact  that  there 
was  no  practicable  way  of  adding  more  water  to  the  sand  and  thus 
keeping  the  tube  supplied  with  moisture.  To  obviate  this  defect  a 
new  tube  was  devised  which  was  found  very  satisfactory'  in  most  re- 
spects (see  fig.  1).  It  is  so  constructed  that  it  is  possible  to  add 
water  to  the  sand  at  any  time.  The  new  tubes  are  made  of  glass 
cylinders  11,5  cm.  long  and  about  20  mm.  in  outside  diameter. 
One  end  of  the  cylinder  is  closetl  by  a  cork,  pierced  in  the  mi<ldle  by  a 
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hole  about  5  mm.  in  diameter.  Into  this  opening  is  fitted  one 
arm  of  a  piece  of  glass  tubing  bent  in  the  form  of  a  hook.  This 
arm  should  be  long  enough  to  pass  through  the  cork  and  the 
bend  should  be  just  so  broad  that  the  long  arm  runs  up  close  to  the 
outside  of  the  glass  cylinder.  The  long  arm  should  reach  to  about 
the  middle  of  the  tube.  Water  is  added  through  this  portion  of  the 
tubing.  The  cardboard  disks  are  arranged  in  the  same  manner  as 
in  the  test  tubes  previously  described,  the  only  modification  necessary 
being  to  pierce  the  disks  with  a  needle  in  order  to  permit  the  escape 
of  air  from  below  upward  when  water  is  added.  In  case  the  short 
arm  of  the  tubing  becomes  clogged  with  sand  the  tubing  is  easily 
removed  and  flushed  out  with  water.  The  incubation  tubes  were 
closed  on  top  by  means  of  muslin  held  in  place  by  rubber  bands. 
Cheese  cloth  is  not  satisfactory  for  this  purpose,  being  so  loosely  woven 
that  the  larvae  escape  through  the  openings. 

During  the  course  of  the  work  a  much  simpler  method  than  the 
above  for  obtaining  records  on  the  nonparasitic  stages  of  the  tick 


Fig.  2.— llorizontal  tube  for  Incubating;  eggs  of  ticks. 

was  devised.  In  tliis  method  a  horizontal  tube  is  used  (see  fig.  2). 
This  is  made  of  a  glass  cylinder  like  that  described  above.  A  cork  is 
inserted  in  one  end.  On  the  bottom  of  the  cork  a  rectangular  piece 
of  cardboard  is  fastened  so  tliat  one  of  its  long  sides  projects  a  little 
beyond  the  edge  of  the  cork  and  serves  as  a  support  for  the  tube, 
preventing  it  rolling  from  side  to  side.  The  tube  contains  a  tray 
constructed  as  follows:  A  rectangular  piece  of  rather  thick  paper, 
with  a  width  equal  to  one-half  the  inside  circumference  of  the  tube 
and  a  length  equal  to  the  internal  length  of  the  tube,  is  provided 
for  the  bottom  find  sides.  The  ends  are  made  of  thin  disks  of  cork 
having  a  diameter  a  little  less  than  the  internal  diameter  of  the  tube. 
The  rectangular  piece  of  paper  is  rolled  into  a  half  cylinder  and  the 
cork  ends  are  pinned  or  glued  into  position,  each  tilting  a  little 
toward  the  other.  One  of  the  disks  is  placed  some  little  distance  from 
the  end  of  the  tray,  a  fingerhold  being  thus  afforded  for  withdrawing 
it  from  the  tube.  The  end  of  the  tube  is  covered  with  a  piece  of 
muslin. 


METHODS  OF   STUDY.-  11 

This  particular  form  of  horizontal  tube  was  kept  when  in  use 
beneath  a  bell  jar  supplied  with  moisture.  Another  variety  with 
sand  in  the  end  next  the  cork  and  fitted  with  a  piece  of  glass  tubing 
for  the  addition  of  water,  as  in  the  vertical  incubation  tubes,  was  also 
used.  These  latter  tubes  furnished  conditions  practically  identical 
with  those  in  the  vertical  tubes.  Various  modifications  of  these 
horizontal  tubes  were  used,  some  being  made  of  ordinary  test  tubes, 
but  they  are  hardly  of  sufficient  importance  to  be  described  here. 

The  method  of  using  the  horizontal  tube  is  as  follows:  An  en- 
gorged female  is  placed  in  the  tray,  which  is  put  in  the  tube.  The 
tilted  ends  prevent  the  tick  from  crawling  up.  After  oviposition 
begins  the  tick  moves  slowly  backward,  leaving  a  long  mass  of  eggs 
in  front  of  it.  When  oviposition  is  nearly  completed  the  female  is 
removeil  from  the  eggs  to  the  opposite  end  of  the  tray,  so  as  to  facili- 
tate observation  of  the  remainder  of  the  process.  The  newly  laid 
eggs  are  removed  from  her  each  day  and  placed  at  the  end  of  the  egg 
mass  until  oviposition  is  completed.  The  hatching  proceeds  along 
the  mass  of  eggs  until  the  last  hatch,  unless,  as  sometimes  happens, 
there  is  a  displacement  of  the  eggs.  The  dates  when  the  female  was 
collected,  when  oviposition  began  and  ended,  when, hatching  began 
and  was  completed,  and  when  the  first  and  the  last  larvae  died  are 
recorded.  This  method  requires  such  a  small  amount  of  time  daily 
in  attending  to  the  tubes  that  a  very  large  number  of  ticks  can  be 
kept  under  observation  at  one  time  and  under  various  conditions. 

For  the  purpose  of  checking  the  results  obtained  in  the  tubes 
in<loors,  experiments  were  conducted  outside  in  sunny  and  shady 
places  presenting  ordinary  pasture  conditions.  In  these  experiments 
small  plots  in  a  pasture  were  used  (fig.  3).  Each  plot  consisted  of 
an  area  2  feet  square  inclosed  by  boards  3  inches  wide  set  edgewise. 
In  the  center  of  the  plot  an  ordinary  cigar  box  with  the  lid  and  bottom 
removed  was  sunk  halfwav  into  the  turf.  This  was  done  so  as  to 
confine  the  female  ticks  and  thus  facilitate  observation  on  them. 
The  box  was  provided  with  a  cover  made  of  screen  wire,  which,  during 
the  progress  of  the  experiment  was  covered  over  with  dead  leaves 
or  other  litter.  The  plots  were  protected  from  surface  drainage  by 
properly  arranged  ditches.  Each  was  surrounded  by  a  fence  of  wire 
netting  to  keep  out  animals.  There  were  two  series  of  these  plots, 
one  in  a  place  shaded  by  trees  for  a  part  of  the  day  and  the  other  in 
an  unshaded  place. 

The  indoor  experiments  were  conducted  in  an  unheated  room  with 
the  windows  open  at  all  times  as  high  as  was  practicable.  The  tem- 
perature and  humidity  were  thus  made  to  correspond  very  closely 
to  outdoor  conditions. 

The  experiments  in  the  plots  were  run  parallel  with  the  indoor 
experiments      Usually  two  i)lots  were  started  at  the  beginning  of 
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each  month.  Ordinarily  10  engorged  ticks  were  confined  in  tho 
box  described  above  and  observationa  were  continued  on  each  plot 
until  it  became  free  of  seed  tick.i. 

PERIODS    OF   THE    HONPABASITIC    PORTION    OF    SBVXLOPMBNT. 

The  various  perio<ls  in  the  nonparasitic  portion  of  the  development 
of  the  tick  wliich  will  receive  consideration  in  the  following  pages  are, 
the  preoviposition  period,  the  oviposition  period,  the  incubatioa 
period,  the  hatching  period,  and  the  longevity  of  the  larvte;  also  the 


FiO.  3.— Arrangsmait  d(  fleJd  plat  (or  Incuhalliig  UcX  egga  under  outdoor  cuadltloitt. 

entire  period  from  tlie  time  the  female  <lrops  until  alt  the  larvfe  are 
dead.  Unless  otherwbe  specified  the  recoi-da  g^ven  hereafter  refer 
to  the  experiments  in  the  vertical  tubea, 

TnE    PREOVIPOSmON    PERIOD. 

This  perio<l,  so  named  by  Hunter  and  Hooker"  (1907,  p.  14), 
extends  from  the  time  the  female  tick  drops  until  she  begins  to 
oviposit.  Its  duration  was  found  to  vary  greatly  for  the  different 
months  of  the  year,  depending  largely  on  the  temperature.  The 
average  length  of  the  period,  as  shown  in  the  following  tables,  ranged 
from  3  to  49,3  days.  The  maximum  period  observed  was  98  days 
and  the  minimum  1  day.    The  latter  is  not  included  in  the  tables, 
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as  it  was  observed  outside  the  course  of  tlie  regular  experiments.  It 
occurred  in  the  case  of  a  moderate-sized  tick  collected  April  29,  1908, 
which  had  been  placed  in  a  flask  along  with  some  others. 

During  the  preoviposition  period  the  ticks  under  observation  were 
kept  either  in  petri  dishes,  the  bottoms  of  which  were  lined  with 
paper,  in  pasteboard  boxes,  or  in  horizontal  tubes.  The  results 
obtained  relative  to  the  preoviposition  period,  arranged  according  to 
the  months  during  which  the  ticks  were  collected,  are  given  in  the 
following  tables : 

Preoviposition  period — Range  and  average  length  of  periods. 

VERTICAI^TUBE  EXPERIMENTS. 


Date  ticks  were 
collected. 


1907. 

Junel 

Julyl 

Aug.  land 31. 

Oct.l 

Nov.  1  and  90, 
Dec.  29 

1907. 

Aug.  31 

Oct.l 

Nov.  land 26. 
Dec.2S. 


Number 

Range  of 

Average 

of  ticks. 

periods. 

of  periods. '^ 

Days. 

Days. 

7 

6to   9 

7 

7 

3to   4 

,             3.9 

14 

2to   4 

^             3.1 

7 

4to   6 

4.3 

11 

7to9J< 

30.5 

3 

89to(>3 

49.3 

Date  ticks  were 
collected. 


1908. 
Jan.  1,29,  and  30... 
Feb.  3, 4, 27,  and  28. 
Mar.  26  and  29.    . . . 
Apr.  29 


Number 
of  ticks. 


5 

5 

9 

14 


Range  of 
periods. 


Days. 
34  to  63 
8to36 
4  to   8 
4  to   7 


Average 
ofperioids. 


Days. 

41.2 

22.2 

5.2 

5.9 


HORIZONTAL-TUBE  EXPERIMENTS. 


4 

3 

r 
3 

4 

4 

4 

6 

9toS3 

18.2 

2 

27  to  33 

30 

1908. 
Feb.3,24,27,and28. 
Mar.  1,3, 23,  and  25. 
Apr.  29  and  30.      . . 
May  1  


10  to  33 
6  to  11 
5to  8 
5to  9 


1&3 
7 

6.5 
6.1 


In  both  tables  it  is  seen  that  the  highest  average  is  for  the  month 
of  December  and  the  lowest  for  the  month  of  August. 


THE    OVIPOSITION    PERIOD. 

The  duration  of  this  period  depends  on  the  temperature,  and  to  a 
less  degree  on  a  number  of  other  tilings,  such  as  state  of  engorgement, 
nuniber  of  eggs  laid,  etc.  The  ticks  used  were  always  good  specimens, 
as  near  complete  engorgement  as  it  was  practicable  to  obtain.  The 
average  oviposition  period  for  different  months  of  the  year,  as  shown 
in  the  following  table,  ranged  from  8.3  days  for  June,  1907,  to  127.5 
days  for  November  of  the  same  year.  The  maximum  period  noted  was 
152  days  and  the  minimum  3  days,  observed  in  the  case  of  ticks 
which  began  ovipositing  in  November  and  June,  respectively. 
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Ovipontum  period—Range  and  average  length  of  periodi. 

VERTICAL-TUBE  EXPERIMENTS. 


Month  ovi  pod  lion 
began. 


Number 
of  ticks. 


Range  of  i   Averace 
periods,    of  periods. 


1907. 

June 

July 

August 

September. . 

October 

November.. 

1907. 
September.. 

October 

November. . 


6 


Z>ay«. 

Daft. 

3  to  14 

8.3 

4to  ao 

12.9 

12  to  19 

16.6 

14  to  19 

16.6 

21  to  37 

32.9 

78  to  151 

98.4 

Month  ovipositioD 
began. 


1908 

January 

Febniaiy.. 

March 

April 

May 


Number 
of  ticks. 


2 
3 

14 
7 

14 


Range  of 
periods. 


A 

of 


2>ay«. 
54  to  87 
37  to  63 
17  to  43 
14  to  35 
19  to  27 


I 


HORIZONTAI^TUBE  EXPERIMENTS. 


7D.5 
46.7 
30.2 
24.9 
22.8 


6 

9  to  21 

15 

4 

22  to  37 

29.7 

4 

8310  162 

127.5 

1908. 

January 

March 

.\pril 

May 


4 
16 

1 
16 


73  to  91 

26  to  49 

24 

15  to  24 


79 
34.6 
24 
20.8 


INCUBATION    PERIOD. 

The  duration  of  this  period  depends  principally  on  the  temperature. 
It  was  found  to  range  from  19  days  in  the  summer  to  180  days  begin- 
ning in  the  fall.  Low  temperatures  not  only  retard  but  even  may 
ftrrest  temporarily  or  permanently  the  development  of  the  eggs. 
Moisture,  although  necessary  to  development,  has  but  a  small  influ- 
ence, if  any,  on  the  rate  at  which  this  takes  place. 

The  conditions  essential  to  the  development  and  eventual  hatch- 
ing of  eggs  are  a  proper  supply  of  moisture  and  a  favorable  tempera- 
ture. All  that  is  required  in  the  way  of  moisture  is  a  sufficient 
atmospheric  humidity  to  prevent  eggs  losing  moisture  by  evaporation. 
With  regard  to  temperature  it  may  be  said  that  the  maximum,  mini- 
mum, and  optimum  temperatures  for  development  of  the  eggs  have 
not  been  determined.  Hunter  and  Hooker"  (1907)  have  assumed 
43°  F.  as  the  minimum,  but  this  has  not  yet  been  verified  by  experi- 
ment. Eggs  are  frequently  killed  by  the  low  temperatures  occurring 
during  the  winter  months,  although  those  that  have  been  incubated 
for  a  time  are  loss  susceptible  to  the  ill  effects  of  cold  than  those  newly 
laid. 

As  has  been  previously  stated,  the  eggs  were  removed  from  each 
female  tick  at  the  end  of  every  24  hours  and  placed  in  vertical  tubes. 
A  record  was  kept  of  the  date  each  lot  was  laid,  the  date  the  eggs 
began  to  hatch,  and  the  date  they  completed  hatching.  The  latter 
date  is,  however,  only  approximately  correct,  since  it  is  not  possible 
to  determine  accurately  when  all  the  eggs  of  a  lot  have  hatched,  on 
account  of  the  fact  that  some  eggs  having  all  the  marks  of  viability 
frequently  fail  to  hatch.  By  using  the  tliree  dates  just  mentioned, 
two  incubation  periods  were  determined  for  each  lot  of  eggs,  which 
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are  referred  to  here  as  the  maxixnum  and  minimum.  The  range  of 
the  incubation  periods  of  the  eggs  laid  by  each  tick  is  given  in  Table  1 
of  the  Appendix.  The  range  of  the  minimum  incubation  periods  and 
the  averages  for  each  month,  from  June,  1907,  to  May,  1908,  are  given 
in  the  following  table: 

Incubation  period — Range  cmd  average  length  of  minimum  incubation  periods. 


Month  efigs 
deposited. 


1907. 

June 

July 

August 

September. 

October 

November. 
December. 


Number 
of  lots. 


Range  of 
periods. 


Average 
of  periods. 


Month  eggs 
deposited. 


Number     Range  of     Average 
of  lots.    I    periods,     of  periods. 


Days. 

60 

22  to  27 

82 

19  to  24 

90 

19  to  24 

81 

28to  64 

145 

1()5  to  ISO 

31 

148  to  170 

7 

117  to  139 

Days.  1908, 

24.6  ,  February. 

20.5     March 

21.2  ,    April 

35.9  :.  May 

173.1 

155.5  , 

128.6  I 


Day». 

1 

80 

270 

46  to  63 

197 

36  to  53 

279 

23  to  34 

Days. 
80 
62.7 
43.6 
26.3 


From  the  above  table  it  is  seen  the  averages  increase  from  July  to 
October,  1907,  and  decrease  from  November,  1907,  to  May,  1908.  The 
average  for  June,  1907,  being  higher  than  for  July,  which  marks  the 
beginning  of  the  increase,  indicates  that  the  average  for  the  latter 
month  is  the  lowest  that  would  have  been  obtained  had  the  experi- 
ments covered  the  first  part  of  the  year.  The  longest  minimum 
incubation  period  was  180  days  and  the  shortest  19  days. 

HATCHING   PERIOD. 

The  eggs  deposited  by  a  female  do  not  all  hatch  at  the  same  time, 
but  approximately  in  the  sequence  in  which  they  are  laid.  The  time 
required  for  all  of  the  eggs  to  hatch  after  hatching  begins  may  be 
called  the  hatching  period.  This  may  be  considered  normal  in 
length  only  when  approximately  all  the  eggs  hatch  or  a  goodly 
portion  of  the  first  and  the  last  eggs  deposited  hatch.  Because  of 
the  low  percentage  of  eggs  which  hatched  in  the  case  of  some  of  the 
ticks  the  hatching  periods  of  these  have  no  significance  and  are, 
therefore,  not  considered  in  the  following  table.  The  average  period 
for  different  months  of  the  year  is  seen  in  the  following  table  to  range 
from  10.6  days  for  July,  1907,  to  36  days  for  October  of  the  same 
year.  The  maximum  period  observed  was  49  days  and  the  minimum 
4  days.  The  eggs  of  all  the  ticks  collected  previous  to  October,  1907, 
hatched  in  the  fall  and  those  laid  bv  ticks  collected  October  1  did  not 
begin  to  hatch  until  the  foUowino;  Marcli,  and  of  course  the  eggs  of 
those  collected  during  November  and  the  succeeding  months  did  not 
begin  to  hatch  until  later,  consequently  no  hatching  periods  were 
obtained  during  the  colder  part  of  the  year.  It  is  therefore  evident 
that  the  maximum  period  observed  is  much  less  than  might  occur 
with  a  slightly  different  winter  season,  or  if  ticks  had  been  collected 
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on  such  a  date  that  the  hatching  of  the  eggs  would  have  begun  in 
the  fall  and  not  been  completed  until  the  following  spring. 

Hatching  period — Range  and  average  length  of  periods, 
VERTICAL-TUBE  EXPERIMENTS. 


Month  hatohlng 
began. 

Number 
of  ticks. 

Range  of 
periods. 

1 

Average  I    Month  hatching  '  Number 
of  periods.  1            began.           1  ofticlcs. 

1                               1 

Range  of 
periods. 

Average 
of  periods. 

1907. 

July 

Aupiist 

14 

7 
6 

Dapt. 
4  to  17 
Stole 

31  to  49 

Daps. 
10.6  1 
13.4 
36 

1 

X908. 
Mftrrh 

6 

8 

11 

14 

Daps. 
21  to  31 
16  to  27 
12  to  18 
12  to  22 

Dap9. 
26 

Ai)rll 

23.fi 

October 

May 

14.3 

Jun^ 

17.2 

; 

HORIZONTAL-TUBE  EXPERIMENTS. 

1907. 
October 

5 

18  to  37  i           23.6 

1 

1                    1 

1908. 
March 

3 
7 

12 
16 

21  to  24 

10  to  27 

9  to  21 

6  to  18 

22.3 

April 

21.3 

May 

15.6 

June ... 

11.4 

LONGEVITY    PERIOD. 

The  longevity  of  the  larvae  depends  on  individual  vitahty,  humid- 
ity, and  temperature.  Some  larvje  do  not  have  sufficient  vitality  to 
disengage  themselves  from  the  ruptured  eggshell  and  die  partlyinclosed 
within  it.  This  was  especially  noticeable  in  eggs  laid  during  the 
winter,  so  it  would  seem  that  a  low  temperature  may  affect  the 
vitality  of  unhatched  larvae.  Other  larvae  die  very  soon  after 
emerging.  Cold  prolongs  longevity  because  of  the  fact  that  the 
tick  remains  quiescent,  and  as  a  result  the  body  fluids  and  nourish- 
ment are  conserved.  A  high  relative  humidity  prolongs  longevity 
by  hindering  the  loss  of  body  moisture  by  evaporation  and  also  by 
causing  the  ticks  to  remain  more  quiescent  than  when  the  air  is 
dry.  In  addition  to  these  factors  certain  instincts  of  the  larvae 
promote  longevity.  They  respond  negatively  to  light.  In  sunny 
places  they  collect  on  the  under  or  the  shady  side  of  leaves,  stems, 
and  other  objects,  thus  protecting  themselves  from  the  direct  heat 
of  the  sun.  They  also  manifest  an  interesting  adaptation  in  being 
able  to  detect  the  presence  of  a  possible  host  at  a  distance  of 
several  feet.  This  fact  was  observed  and  verified  many  times  with 
larvae  located  on  plots  outdoors.  I^arvae  that  were  quiescent  when 
one  approached  within  3  or  4  feet  of  a  plot,  in  the  course  of  a 
half  to  several  minutes  became  verv  active  and  extended  their  front 
legs  upward  in  a  divergent  position,  waving  them  violently  in  an 
evident  attempt  to  seize  onto  a  host.  This  instinct  is  probably 
dependent  on  an  olfactory  sense  resident  in  the  organ  of  HaUer 
located  on  the  tarsi  of  the  first  pair  of  legs.     It  may  possibly  be 
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connected  with  a  thermal  sense,  but  this  hardly  seems  probable, 
since  the  reaction  was  found  to  occur  just  as  readily  on  extremely 
warm  days  as  on  cool  days.  The  response  takes  place  more  quickly 
when  one  is  located  on  the  windward  side  of  the  larvae.  This  instinct 
permits  the  larvae  to  remain  quiescent  without  reducing  their  chances 
for  reaching  a  host.  The  periods  of  inactivity  conserve  the  vitality 
of  the  tick  and  consequently  must  prolong  longevity. 

In  making  observations  on  the  longevity,  the  date  when  the  larvae 
in  each  tube  began  to  die  and  when  all  of  them  were  dead  was  re- 
corded. In  determining  the  longevity  of  the  larvae  resulting  from 
each  lot  of  eggs,  the  date  when  the  eggs  began  to  hatch,  together  with 
the  two  dates  just  mentioned  above,  were  used,  thus  obtaining  a  min- 
imum and  maximum  longevity  period. 

The  range  of  the  maximum  and  the  minimum  longevity  and  the 
average  of  the  former  for  lots  of  larvae  hatched  during  the  different 
months  of  the  year,  are  given  in  the  following  table: 

Longevity  period — Range  of  Trummurn  and  minimum  longevity  and  average  of  maximum 

longevity. 


Month 
hatched. 

Num- 
ber of 
lots. 

Range  of 

mini- 
mum lon- 
gevitv 
periods. 

Range  of 

maxi- 
mum lon- 
gevity 
periods. 

Average 
of  maxi- 
mum lon- 
gevity 
periods. 

Month 
hatched. 

Num- 
ber of 
lots. 

Range  of 

mini- 
mum lon- 
gevity 
periods. 

Range  of 

maxi- 
mum lon- 
gevity 

periods. 

Average 
of  maxi- 
mum lon- 
gevity 
periods. 

1907. 
Julv 

106 
83 
44 

76 
5 

Daya. 
4to30 
9to36 
4to35 
6  to  163 
21  to  70 

Days. 

7to86 

9  to  192 

9  to  190 

30  to  234 

33  to  135 

Days. 
38.6 
84.9 
56.2 
167.4 
85 

1906. 

March 

April 

May 

June 

24 
189 
406 
380 

Days. 
5to22 
3to63 
2  to  57 
4to55 

Days. 
57  to  94 
19  to  99 
4  to  103 
8  to  128 

Days. 
73.2 

AuKUSt 

September.. 

October 

November... 

65.1 
62.3 
6&1 

The  eggs  which  hatched  during  July,  August,  and  September  were 
kept  in  tubes  which  were  not  suppUed  with  water  other  than  that 
originally  added  to  the  sand.  This  may  account  for  the  rather  low 
averages  for  July  and  September.  It  is  noted  that  the  highest  average 
is  for  the  lots  hatched  during  the  month  of  October,  and  this  month 
also  gave  the  longest  maximum  period;  the  lowest  average  is  for 
July,  which  Ukewise  gave  the  shortest  maximum  longevity  period. 


TOTAL  TIMK   OF   NONPARASITIC   DEVELOPMENT. 

The  period  of  nonparasitic  development  is  the  time  from  the  date 
the  female  drops  until  all  the  resulting  larvae  are  dead.  It  is  of  prime 
impoi*tance  from  a  practical  standpoint,  since  it  indicates  the  length  of 
time  animals  must  be  kept  out  of  an  infested  pasture  in  order  for  it  to 
become  tick  free.  A  summary  of  the  data  on  this  period  Ls  given  in 
the  table  following. 
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Total  time  from  dropping  of  female  until  all  resulting  Uxrvse  are  dead. 


Date  engorged 

females  were 

collected. 


Jonel,  1907. 
July  1,1907. 
Aug.  1,  1907. 
Aug.  31,  1907 
Oct.  1,  1907. 
Nov.  1,  1907. 
Nov.  30,  1907 


Number 
of  en- 
gorged, 
females. 


Range  of 

entire-time 

periods. 


Days. 
79  to  100 
82  to  112 
172  to  221 
230  to  -272 
276  to  288 
200  to  253 
187  to  249 


Avera^ 
of  pe- 
riods. 


Days. 

86.9 
101 
199.6 
250.7 
279.6 
232.7 
217 


Date  engorged 

females  were 

collected. 


Dec.  29,  1907.  to 

Jan.  1, 1906 

Jan.  29  to  Feb.  4, 
jgOg 

Feb.  27  "to'ffl.Vgbs! 
Mar.  26  to  29, 1908. 
Apr.  29, 1908 


Number 
of  en- 
gorged 

females. 


7 
2 

9 
14 


Range  of 
entire-time 
-  periods. 


Daft. 

181  to  207 

I 

156  to  189  ' 

143  to  162  , 

144  to  161 
122  to  173 


Average 
of  pe- 
riods. 


Da9M. 

196.3 

ITS,  I 
152.1 
152  1 
14J.8 


In  the  above  table  the  averages  are  seen  to  increase  from  86.9  days 
for  June,  to  279.6  days  for  October,  1907,  and  to  decrease  from  the 
latter  month  for  the  rest  of  the  time.  The  maximum  periods  likewise 
increase<l  from  100  davs  for  June  to  2SS  davs  for  October  and  there- 
after  steadilv  decreased  each  month  until  March. 

IHTMBEB  OF  BOOS  LAID  AND  PEBCENTAGE  HATCHED. 

The  eggs  laid  by  each  female  (except  in  the  case  of  controls,  which 
are  referred  to  below)  were  counted  when  they  were  removed  and 
before  thej^  were  placed  in  the  incubation  tubes.  And  furthermore, 
after  all  the  larv8B  in  each  tube  had  perished,  the  unhatched  eggs 
were  removed  and  counted.  The  purpose  of  this  was  twofold,  first  to 
determine  the  number  of  eggs  laid  by  a  female,  and,  second,  to  calcu- 
late the  percentage  of  eggs  which  hatched.  In  the  case  of  certain  ticks, 
the  eggs  of  which  were  left  uncounted  for  the  purpose  of  serving  as 
controls  on  the  counted  eggs,  it  was  necessary,  in  addition  to  count- 
ing the  unhatched  eggs,  to  count  the  dead  larvae  in  order  to  determine 
the  number  of  eggs  laid.  The  data  obtained  are  given  in  columns  3 
and  11,  respectively,  of  Table  1,  Appendix.  A  summar\^  showing  the 
range  in  the  number  of  eggs  laid  by  each  lot  of  ticks,  the  average  number 
of  eggs  laid  and  per  cent  hatched,  is  presented  in  the  following  table: 

Egg  laying  and  hatching — Total  and  average  number  of  eggs  laid  and  per  cent  ktUched. 


Date  ticks  col- 
.     lee  ted. 


Junel,  1907.. 
Jiilv  1,1907.. 
Aug  1,  1907. . 
Auk31,  1907. 
Oct  1,  1907... 
Nov  1.1907.. 
Nov  30,  1907. 


Num- 
Ix'r  of 
ticks. 


Eggs  I»ld. 


Nvmber. 

(i30-3.095 
1.85R-3.820 
7|1.8.')l-3.(>83 
f.  2, 049-2. 809 
7     9(KK^.38.') 

991-2. 9«)I 

357-3, 20; 


Aver- 
age 

eggs 
laid. 


Xumher 
1.811 
2,919 
2.  (/.*0 
2. 40.'. 
2, 5().3 
2.129 
2, 173 


Eggs 
hatched. 


Perct. 
73-95 
90-97 
^H)-9S 
57-97 
77-92 
1-7 
0-18 


Date  ticks  col- 
lected. 


D(  c.  29, 1907,  to 
Jan.  1,  1908... 

Jan  29.  to  Feb. 
4,  1908 

Feb.  27-28, 1908. 

Mar.  2r>-29, 1908. 

Apr.  29,  1908.... 


Num- 
ber of 
ticks. 


Eggs  laid. 


Number. 

1,970-4,272 

806-4.276 
2,302-2,926 
2,680-4,55© 
3,246-5,105 


Aver- 
age 
eggs 
laid. 


Niimber 

3,149 

3,331 
2,614 
3,507 
4,089 


Eggs 
hatched 


Per  a. 

0-35 

14-S6 

62-96 
6()-97 
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The  minimum  number  of  egg.s  laid  was,  as  the  above  table  indicates, 
357,  and  the  maximum  number  5,105.  The  average  number  ranges 
from  1,811  to  4,089.  The  percentage  of  eggs  hatching  in  the  case  of 
ticks  collected  from  N6vember  1,  1907,  to  January  1,  1908,  ranged 
from  0  to  35,  and  for  the  rest  of  the  time  from  14  to  98. 

In  counting  the  eggs  they  were  placed  on  white  paper  and  arranged 
in  a  long  row  one  egg  deep  and  several  eggs  wide.  In  order  to  injure 
them  as  little  as  possible  and  reduce  the  chances  of  crushing  them, 
small  spatulas  made  of  thin  paper  were  used  in  handling  them.  The 
counting  was  done  with  the  aid  of  a  pocket  lens.  For  the  purpose  of 
determining  whether  the  manipulation  involved  in  counting  the  eggs 
reduced  the  percentage  that  hatched,  two  ticks  in  each  of  the  first  six 
sets  of  experiments  were  selected  as  controls,  their  eggs  not  being 
counted.     The  results  are  given  in  the  following  table: 

Percentage  ofeggi  katcking  from  counted  and  uncounted  lots. 


Date  tiolcB  ooUeoted. 


1007. 
Junel 

Do 

Julyl 

Do 

Aug.  1 

Do 


Num 
ber    Eggs  counted 
of    or  uncounted 

ttcks. 


6 
2 
6 
2 
6 
2 


Counted... 
l^ncounted. 
Counted . . . 
Uncounted. 
Counted... 
Uncounted. 


Per 

cent 

hatched. 


02.1 

ft4.0 

05.3 

05 

05l3 

05.8 


Date  ticks  collected. 

Num- 
ber 
of 

ticks. 

5 
1 
5 
2 
5 
2 

Eggs  counted 
or  uncounted. 

1907. 
Aug.  31 

Counted 

Uncounted.. 

Counted 

Uncounted.. 

Counted 

Uncounted.. 

Do 

Oct.  1 

Do 

Nov.l 

Do 

Per 

cent 

hatched. 


7a  5 
07 

8&6 
85i7 

3.4 

6 


Two  of  the  above  averages  for  the  controls  are  less  and  four  are 
more  than  the  corresponding  averages  for  the  counted  eggs.  Disre- 
garding, however,  slight  differences  ranging  from  0.2  to  1.6  per  cent, 
which  have  little  significance,  the  corresponding  average  may  be  said 
to  be  the  same  in  all  except  two  cases.  In  one  of  these  the  average 
for  the  control  is  17.5  per  cent  more  and  in  the  other  7.2  per  cent  less. 
It  seems  safe  to  say  from  the  above  results  that  the  manipulation 
involved  in  counting,  when  done  with  moderate  care,  does  not  appre- 
ciably lower  the  per  cent  of  eggs  hatching,  and  that  this  has  not 
materially  affected  the  percentage  of  eggs  hatched  in  the  course  of  the 
present  experiments. 

EXPBBIMENTS  WITH  HORIZONTAL  TUBES. 

The  tubes  used  in  these  experiments  have  already  been  described 
on  page  10  (see  fig.  2).  Those  referred  to  below  as  being  supplied 
with  moisture  were  either  kept  in  a  moist  chamber  or  were  of  the 
type  having  sand  in  one  end.  A  summary  of  the  data  is  given  in  the 
table  following. 
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Summary  of  the  data  obtained  from  the  experiments  with  horizontal  tubes. 


Date  tlclra  were 
collected. 

Preoviposi- 
tion  period. 

Oviposi- 
tton  period. 

Incubation 
period. 

Hatebins 
period. 

I/Oiurevity 
of  larvae. 

• 

Condition 

of 
experiinent. 

TqtahllBie* 
rn>m.<tote 

females 
were  col- 
lected to 

death  of 

larvte. 

1907. 
Aus.  31 

2>a|w. 

3 

4 

9to20 

20to33 

27to33 

29to33 

10  to  16 

5to  6 

5to  8 

5to  9 

Dapt. 

9  to  17 

22to   37 

130  to  152 

(6) 
74  to  78 

35  to  49 
'    .»to40 
26  to  31 
21  to  24 
15  to  21 

30  to  31 

165  to  167 

167 

Daw*. 
18to22 
21  to  24 
16 

a  196  to  217 

78to  92 

70 

Moisture.. 

do.... 

do 

do.. .. 

229  to250 

Oct.  1 

247  to  261 

Nov.  1 

246 

Not.  26 

Dec.  25 

88to94 

53to59 
50to66 
43  to  48 
29to32 
29  to  31 

10  to  25 

20to27 

16  to  24 

9  to  15 

5  to  18 

6  to  10 

62to   83 

87  to  109 
71  to  105 
49  to  71 
79  to  111 
15  to   17 

do... . 

do 

do 

do 

do 

No  moist- 
ure. 

aot 

1908. 
Feb.  3 

172tolM 

Feb.  24  to  Mar.  3.. 

Mar.  23  to  25 

Apr.  29  to  30 

May  1 

131  to  168 

103  to  121 

114  to  147 

50to   53 

<B  After  all  the  eggs  had  hatebed  the  larvae  were  placed  on  v^etation  outdoors, 
ft  Only  a  few  eggs  were  laid,  ail  of  which  shriveled. 

The  minimum  entire  time  when  the  tubes  were  kept  moist  occurred 
in  the  case  of  ticks  collected  March  23  to  25,  1908,  and  the  maximum 
with  the  ticks  collected  October  1, 1907.  In  the  case  of  the  vertical 
tubes  the  maximum  entire  time  also  fell  to  the  ticks  collected  October 
1.  For  the  purpose  of  determining  the  influence  of  moisture  on  the 
duration  of  the  entire  time  some  ticks  collected  May  1,  1908,  were 
kept  in  tubes  which  were  not  supplied  with  moisture.  Other  ticks 
collected  April  29  and  30  were  suppUed  with  moisture  as  usual.  The 
difference  in  the  result  is  very  striking,  the  duration  in  the  latter 
case  being  nearly  three  times  as  long  as  in  the  former. 

RECORDS  OBTAINED  FROM  THE  FIELD  PLOTS. 

In  the  indoor  experiments  the  conditions  were  made  to  correspond 
as  nearly  as  possible  with  those  existing  outside.  It  was  evident, 
however,  even  before  the  work  presented  in  this  bulletin  was  taken  up, 
that  this  could  only  be  accomplished  in  a  very  imperfect  manner  and 
that  it  would  be  well  to  conduct  a  parallel  set  of  experiments  outside 
under  natural  conditions  for  the  purpose  of  checking  the  indoor  experi- 
ments. Natural  conditions  are  far  from  being  uniform,  however. 
Even  in  the  same  pasture  a  variety  of  environments  may  be  present 
and  the  duration  of  the  various  periods  in  the  life  history  of  the  tick 
be  quite  different  under  each.  Furthermore,  climatic  conditions  may 
vary  considerably  from  year  to  year  in  the  same  place.  The  impor- 
tant thing,  however,  from  a  practical  standpoint  is  to  determine  the 
environments  that  will  give  maximum  and  minimum  periods.  An 
attempt  was  made  to  obtain  such  periods  b}^  running  two  sets  of 
field  plots,  one  on  well  drained,  sunny  ground  and  the  other  on  moist, 
partly  shady  ground.     The  character  of  the  plots  and  the  method  of 
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confining  the  ticks  have  been  described  on  page  11.  In  these  experi- 
ments it  was  not  possible  to  make  notes  on  individual  ticks,  and  con- 
sequckntly  the  datu  arQ  not  as  complete  as  those  of  the  indoor  woric 
The  data  of  economic  importance  are  the  date  the  first  eggs  hatched 
and  the  date  all  the  larvae  were  dead. 

In  four  of  the  plots  located  in  the  sun,  started  June  3,  July  I, 
August  1,  and  August  31,  1907,  the  engorged  ticks  were  destroyed 
by  small  red  ants;"  in  two  started  November  1,  1907,  and  January  31 
to  February  1,  1908,  eggs  were  deposited  but  no  larvsB  appeared; 
and  in  three  started  November  26  and  December  16,  1907,  and 
January  1,  1908,  all  the  females  died  without  ovipositing.  In  the 
case  of  plots  located  under  partly  shady  conditions,  in  three  of  them 
started  on  August  31,  October  1,  and  November  1,  1907,  eggs  were 
deposited  but  no  larv»  appeared;  in  two  started  November  26  and 
December  16,  1907,  all  the  females  died  without  depositing  eggs. 

In  all  the  plot  experiments  started  between  November  1,  1907^  and 
January  1, 1908,  inclusive  (see  second  table  below),  no  larvae  appeared, 
either  for  the  reason  that  the  females  succumbed  to  the  severe  weather 
or  that  the  eggs  deposited  failed  to  hatch. 

The  records  of  the  last  three  plots  located  in  the  sunlight  and  in 
the  shade  furnish  an  interesting  comparison  with  regard  to  the 
influence  of  environment  on  the  eggs  and  larvae.  They  are  given  in 
the  following  table: 

Influence  oj  environment  on  eggs  and,  larvae. 


In  sunlight. 


Date  ttoks  were  collected. 


IQOB. 

Mar.  1-2 

Mar.  27-28 

Apr.  27 


Date  flrst 

egsjs 
hatched 


May  8 
May  20 
Juiie    5 


Date  all 
larvHS 
were 
dead. 


July  31 
Aug.  8 
July   2X 


In  shade. 


Date  ticks  were  collected. 


1908. 

Feb.  28-29 

Mar.  27 

Apr.  27 , 


Date  first 

eggs 
hatched. 


May  18 
Juiie  8 
June  18 


Date  all 
larvffi 
were 
dead. 


Aug.  3 
Aug.  23 
Sept.     6 


Larvse  appeared  from  10  to  19  days  earlier  in  the  sunny  plots  than 
in  the  shady  ones  and  succumbed  3  to  39  days  earlier. 


a  Specimens  of  this  ant  were  sent  to  Prof.  W.  M.  Wheeler,  of  Harvard  University,  for  identification. and 
found  to  be  one  of  oiir  small  "  Thief  ants,'  Solcnopsis  mnlMa  Say,  which  is  common  In  pastures  and  fields, 
where  It  leads  a  subterranean  life  and  feeds  on  larvs  and  pupte  of  other  ants,  on  sprouting  seeds,  dead 
ioaects,  etc. 
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In  the  following  table  a  comparison  is  made  of  the  results  obtained 
in  the  vertical  tubes  and  in  the  field  plots: 

Comparison  of  records  of  vertical  tubes  and  field  plotSy  Aubumy  Ala.y  1907-8. 


Vertical  tubes 


Date  females  were  collected. 


Junel,  1907.. 
July  1,19()7.. 
Aug.  1,  1907.. 
Aug.  31, 1907. 
Oct.  1,  1907.. 
Nov.  1,1907. 
Nov.  30, 1907. 


Dec.  29,  1907  to  Jan.  1,  1906. 

Jan.  29  to  Feb.  4,  1908 

Feb.  27  and  28, 1908 

Mar.  26  to  29,  1908 

Apr.  29, 1908 


3S. 

Date  first 

Date  all 
larvse 

hatched. 
July     4 

were 
dead. 

Sept.    9 

July   28 

Oct.   21 

Aug.  27 

Mar.     9 

Oct.     3 

May  29 

Mar.  19 

July  15 

Apr.  17 
May    4 

July  11 

Aug.    5 

Apr.  28 

July  23 

Apr.  27 

Aug.  11 

Apr.  28 
May  19 

Aug.    7 

Sept.    3 

June    4 

Oct.    19 

Field  plots. 


Date  females  were  collected. 


June  4, 1907 

July  1,1907 

Aug.  1,1907 

Aug.  31, 1907 

Oct.  1,1907 

Nov.l,  1907 

Nov.2ii,  1907 

Dec.  16,  1907 

Jan.  1,1906 

Feb.  1  and  2, 1908 

Feb.  28  to  Mar.  2,  1908. 
Mar.  27 and  28, 1908... 
Apr.  27,  1908 


Date  first. 


hatdied 


July  7 
July  29 
Aug.  30 

(•) 
Apr.  10 

(*; 

May  14 
May     8 

May  20 
June    5 


Date  all 
larvie 
were 
dead. 


Aug.  29 

Oct.  8 

Mar.  27 

Jun«  6 


July  22 

Aug.  3 

Aug.  23 

Sept.  5 


a  No  larvae  appeared. 


b  All  died  without  ovipositing. 


From  the  above  table  it  will  be  noted  that  the  period  from  the  col- 
lection of  the  ticks  to  the  time  the  first  eg^  hatched  in  the  case  of 
the  indoor  experiments  started  June  1  and  March  26-29  (33  and  54 
days,  respectively)  is  the  same  as  for  the  corresponding  outdoor  ex- 
periments. In  the  case  of  the  remaining  experiments  the  time  is 
shorter  1  to  22  days  for  the  indoor  than  for  the  outdoor  experiments. 
In  all  tlie  experiments,  except  the  one  begun  August  1 ,  the  time  from 
the  collection  of  the  ticks  to  the  death  of  all  the  larvae  was  longer  by 
from  5  to  42  days  in  the  indoor  than  in  the  corresponding  outdoor 
experiments. 

PER  CENT  OF  FEMALES  OVIPOSITINa. 

The  data  obtained  on  tliis  point  are  not  Very  extensive.  In  each  of 
tl)e  lots  of  ticks  collected  on  the  dates  indicated  in  the  second  column 
of  Table  1,  Appendix,  100  per  cent  oviposited  except  in  the  case  of 
the  ticks  collected  November  30  and  December  29,  1907,  to  January 
1,  1908,  of  wliich  80  and  33  per  cent,  respectively,  oviposited.  Tick 
No.  27,  collected  August  31,  1907,  deposited  but  39  eggs,  none  of 
which  hatched.  This  tick  was  very  probably  abnormal,  but  the  ticks 
that  failed  to  oviposit  were  no  doubt  unfavorably  affected  by  low 
temperature. 

Of  the  ticks  kept  in  the  horizontal  tubes  only  one  failed  to  oviposit. 
This  was  collected  February  3,  1908.  The  majority  of  the  engorged 
females  placed  in  the  plots  outside  during  the  latter  part  of  the  fall 
and  the  winter  of  1907-8  failed  to  oviposit.  They  appeared  to  suc- 
cumb as  a  result  of  low  temperature  and  excessive  moisture.  The 
first  indication  of  abnormality  usually  noticed  was  a  reddish  tinge 
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appearing  over  the  Malpighian  tubules,  which  normally  appear  as 
yellow  streaks  through  the  integument  of  the  tick.  Then  the  tick 
began  to  swell,  becoming  very  tightly  distended,  the  color  became 
dark,  and  finally,  if  not  punctured  by  some  enemy,  the  integument 
ruptured  of  itself  and  a  sanguineous  fluid  issued  from  the  opening. 

EFFECT  OF  IMMEBSIOK  IK  WATER  ON  ENGOBOED  FEKALE8. 

A  number  of  tests  were  carried  out  to  determine  what  effect  immer- 
sion in  water,  both  before  and  after  the  beginning  of  oviposition,  has 
on  engorged  females.  On  Ma}^  1,  1908,  eight  engorged  females  were 
placed  in  separate  wide-nioUthed  bottles  and  covered  Mdth  distilled 
water.     All  of  them  died  without  ovipositing. 

Tlie  following  tests  were  made  in  the  Zoological  Laboratory, 
Washington,  D.  C: 

August  11,  1908,  10  engorged  females  were  collected  and  placed  in  tap  water.  All 
died  without  ovipositing. 

August  13,  9  engorged  females  (collected  August  12)  were  submerged  in  normal  salt 
solution.    All  died  without  ovipoeiting. 

September  15,  13  engorged  females  (collected  September  10)  that  had  begun 
to  deposit  eggs  were  Kubmerged  in  tap  water.     None  of  them  continued  to  deposit  eggs. 

September  15,  10  engorged  females  (collected  September  10)  that  had  begun  to 
oviposit  were  placed  in  a  Petri  dish  and  half  covered  with  tap  water.  None  of  them 
continued  to  deposit  eggs. 

September  21,  8  engorged  females  (collected  September  15)  that  had  begun  to 
oviposit  w^ere  placed  in  tap  water.    All  died  without  depositing  additional  eggB. 

The  first  effect  of  water  on  engorged  ticks  is  to  cause  them  to 
become  distended,  and  later  the  coloring  matter  of  tlie  blood  wthin 
the  body  escapes  and  colors  the  water.  In  some  instances  the  dis- 
tention of  the  tick  is  so  great  that  its  form  is  almost  spherical.  This 
was  not  so  pronounced  in  normal  salt  solution  as  in  tap  water. 

Hunter  and  Hooker*^  (1907)  found  that  females  submerged  con- 
tinuously in  tap  water  failed  to  oviposit.  In  one  experiment,  how- 
ever, they  found  that  two  out  of  five  ticks  submerged  during  October 
for  91 J  hours  deposited  viable  eggs,  but  ticks  submerged  for  115J 
hours  failed  to  deposit  eggs. 

THE  INFIiXTENCE  OF  MOISTUBE  ON  THE  INCUBATION  PEBIOD. 

For  the  purpose  of  determining  what  influence  moisture  might  have 
on  the  duration  of  the  incubation  period,  eggs  were  subjected  to 
different  degrees  of  moisture.  The  eggs  used  each  day  had  been 
deposited  by  a  number  of  females  during  the  previous  24  hours. 
Some  of  the  lots  were  placed  in  the  regular  incubation  tubes  and  others 
in  test  tubes  containing  wet  sand.  In  the  former  case  the  eggs  rested 
on  cardboard  that  was  never  more  than  moist,  while  in  the  latter 
case  they  rested  directly  on  wet  sand.  ,  In  one  instance,  referred  to 
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below,  the  eggs  of  a  tick  (No.  138,  Table  1)  were  floated  on  water. 
This  is  considered  a  condition  which  will  furnish  a  maximum  amount 
of -moisture. 

In  determining  the  results  of  the  tests  the  incubation  periods  of 
lots  of  eggs  deposited  on  the  same  date  and  kept  in  regular  incuba- 
tion tubes  were  averaged,  and  the  same  was  done  in  the  case  of  the 
eggs  placed  on  moist  sand.  The  averages  for  lots  deposited  on  12 
days  during  March,  1908,  are  as  follows: 

Average  inaibation  periods  of  eggs  under  different  moi:ture  conditions. 


Mar. 

0. 

Mar. 

10. 

Mar. 
11. 

Mar. 

12. 

Mar. 
13. 

Mar. 
14. 

Mar. 
10. 

Mar. 
17. 

40 

Mar. 

18. 

Mar. 

19. 

Mar. 
20. 

Mar. 
24. 

On  cardboard 

51 

52 

£3 

52 

51 

DCM. 

52 

50 

50 

53 

51 

'^ftx 

On  moist  sand 

55           51 

It  is  seen  that  nine  of  the  averages  for  eggs  kept  on  moist  sand  run 
from  one  to  four  days  less,  two  are  the  same  and  one  is  two  days  more 
thafithe  corresponding- averagiaB  for  eggs  on  cardboard.  The  mean 
average  for  the  eggs  on  wet  sand  is  approximately  oile  day  less  thlin 
for  those  on  moist  cardboard. 

The  averages  for  169  lots  of  eggs  placed  in  regular  incubation  tubes 
and  101  lots  placed  on  moist  sand  and  on  water  (82  on  moist  sand  and 
19  on  water),  deposited  from  May  6  to  26,  inclusive,  1908,  show  the 
following  result:  Five  of  the  averages  for  eggs  on  moist  sand  and  on 
water  considered  together  are  from  one  to  two  days  less,  thirteen  are 
the  same,  and  three  are  one  day  more  than  the  corresponding  aver- 
ages for  eggs  resting  on  cardboard.  The  average  for  all  the  lots  of 
eggs  on  moist  sand  and  water  is  three-tenths  of  a  day  less  than  for 
those  on  cardboard. 

From  these  tests,  so  far  as  they  go,  it  appears  that  an  abundance  of 
moisture  shortens  the  incubation  period  so  little  that  for  all  practical 
purposes  its  influence  may  be  disregarded. 

PERIODS  IN  THE   PABASITIC  POBTION  OF  DEVELOPMENT. 

There  are  three  stages  in  the  parasitic  portion  of  the  development 
of  the  tick,  viz,  larval,  nymphal,  and  adult.  Until  the  latter  stage  is 
reached  males  and  females  are  not  recognizable  with  certainty.  The 
duration  of  each  of  these  stages  and  the  duration  of  a  single  infestation 
upon  cattle  during  different  portions  of  the  year  are  of  great  practical 
importance.  Upon  the  duration  of  an  infestation  depends  the  time 
animals  must  be  kept  on  tick-free  fields  in  order  to  become  free  from 
ticks. 

Tick-free  animals  were  infested  at  nine  different  times,  as  indicated 
in  column  1,  Table  2,  of  the  Appendix.  It  was  found  that  the  mini- 
mum larval  period  ranged  from  5  to  7  days;  the  minimum  nymphal 
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period  of  females,  9  to  11  days;  the  adult  period,  from  a  minimum  of 
5  to  a  maximum  of  33  days.  The  duration  of  each  infestation,  as 
give5rinrthe4ast  column  of -the  table,  ranged  from'sSO  to  fe6  days..  The 
lower  temperature  during  the  fall  and  winter  retarded  the  second 
molt  of  some  of  the  ticks,  prolonging  the  time  that  nymphs  were 
present,  and  increasing  the  duration  of  infestation.  It  seems  pos- 
sible also  that  the  latter  result  may  be  partly  due  to  delayed  fertiliza- 
tion of  the  females,  which  could  readily  obtain  in  case  the  atmospheric 
temperature  was  such  as  to  reduce  the  activity  of  the  males. 

The  maximum  numbers  in  column  9  of  the  table  (length  of  njTmphal 
period)  indicate  the  time  from  the  molting  of  the  first  larva  to  the 
molting  of  the  last  nymph,  and  consequently  represent  the  time  that 
nymphs  were  present  on  the  animal.  This  time  in  all  probability  is 
much  longer  than  the  nymphal  period  of  any  individual  tick. 

A  number  of  days  previous  to  the  second  molt  it  is  possible  to  dis- 
tinguish male  and  female  nymphs  with  a  fair  degree  of  certainty. 
The  forBier  are  somewhat  si^ialler  than  the  latter  and  also  differ 
slightly  in  color  and  shape.  -  The  first  ipymphs-to  molt  are  males. 
The  first  female  nymphs  molt  from  one  to  several  days  later.  All  the 
male  nymphs  molt  before  the  last  female  molts  if  they  originally 
attached  to  their  host  on  the  same  date. 

In  the  infestations  made  on  February  29,  April  4,  and  May  23,  after 
the  larvae  had  attached  themselves  a  certain  number  were  marked  and 
observed  from  day  to  day.  The  range  of  the  periods  observed  in 
these  instances  follow. 

Length  of  period ^j  and  total  duration  of  pararitic  development. 


Date  larvsc  applied. 


1908. 
Feb.  29 

Do 

Do 

Apr.  4 

Do 

Maya 

Do 


Sex. 


Females 
Males . . , 

C?) 

Females 
Males . . 
Females 
Males . . , 


I^n^h  of 

larval 

period. 


Days. 
8to  9 
7to   9 
7  to  14 

7 

Gto   7 
5to    8 


Leogth  of 

nymphal 

period. 


Days. 

10  to  15 
8  to  10 


9  to  14 

8  to  12 

9  to  13 
8tol3 


Length  of 

adult 

period. 


Days. 
5  to  13 


4to   9 


g:o  9 


Duration 
of  para- 
sitic 
period. 


Days. 
25  to  34 


25  to  26 


22  to  25 


Nineteen  larvae  were  marked  in  the  infestation  of  February  29. 
One  of  theses  died  previous  to  the  first  molt,  three  disappeared  after 
the  first  molt,  and  one  female  died  three  days  after  the  second  molt. 
The  male  located  beneath  the  latter  left  on  the  following  day.  Twenty- 
six  larvae  of  the  April  infestation  were  marked.  Sixteen  of  these 
disappeared  previous  to  the  first  molt,  one  after  the  first  molt,  and 
one  after  the  second  moH.  In  the  infestation  of  May  23,  23  larvee 
were  marked.  None  disappeared  previous  to  the  first  molt,  four 
disappeared  after  the  first  molt,  none  disappeared  after  the  second 
molt. 
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There  seems  to  be  no  satisfactory  explanation  for  the  disappearance 
of  the  ticks,  particularly  those  in  the  larval  stage.  Of  course,  ticks 
shortly  after  the  first  and  second  molt  could  easily  be  rubbed  off.  In 
comparing  the  maximum  parasitic  period  in  each  of  the  three  cases 
given  in  the  above  table  with  the  duration  of  the  same  infestations 
given  in  Table  2,  Appendix,  it  is  noted  that  all  the  latter  are  longer. 
The  diflFerence  for  the  infestation  made  February  29  is  10  days;  for 
both  April  4  and  May  23,  12  days.  The  reason  for  this  great  differ- 
ence is  not  clear.  It  may  be  due  to  one  or  several  causes,  such  as 
larvae  remaining  on  the  cattle  for  some  days  without  attaching  them- 
selves (this  has  been  noticed  in  several  instances)  or  ticks  after  the 
first  and  second  molt  not  reattacliing  immediately  or  becoming 
dislodged  and  later  reaching  tlie  host  again. 

OB8EBVATIOXS  ON  THB  HOVEMBNT  OF  TICKS  AETEB  THE  FIBST 

AND   SECOND  MOLT. 

Ransom"  (1906,  p.  5)  pointed  out  the  fact  that  Margaropas 
annvIatuSj  though  remaining  on  the  host,  must  reattach  itself  after 
the  first  and  second  molt  just  as  other  species  do  which  drop  from  their 
host  and  molt  on  the  ground.  Hunter  and  Hooker**  (1907,  p.  29) 
state  that  repeated  careful  observations  show  that  they  do  not  actu- 
ally detach  themselves  at  either  molt.  As  this  question  has  a  more 
or  less  important  bearing  on  the  dissemination  of  ticks,  and  also,  pos- 
sibly, the  transmission  of  Texas  fever,  as  pointed  out  by  Ransom  " 
(1906) ,  some  observations  were  made  along  this  line.  Since  the  cuticle 
shed  at  molting  remains  attached  to  the  skin  of  the  host  for  some  time 
thereafter,  particularly  following  the  second  molt,  it  is  an  easy  matter 
to  determine  whether  the  rostrum  of  the  tick  is  embedded  at  the  origi- 
nal point  of  attachment  or  elsewhere.  The  following  observations 
indicate  that  reattachment  may  take  place  after  both  the  first  and 
the  second  molt.  Not  many  specific  observations  were  recorded  with 
regard  to  the  movement  of  young  females,  but  general  observations 
such  as  are  recorded  for  August  7  were  made  at  various  times.  The 
nymphs  referred  to  below  were  marked  early  in  their  larval  stage  by 
clipping  the  hair  surrounding  them  and  were  observed  daily. 

CHANGE    OF   LOCATION    AFTEH   THE   FIRST    MOLT. 

January  10,  1908,  one  newly  molted  nymph  reattached  6  mm.  from  original  point  of 
ftttachment  of  larva. 
January  11,  three  newly  molted  nymphs  reattached  3  to  6  mm.  from  original  point. 
May  28,  one  nymph  just  molted  reattached  3  mm.  from  original  point. 
May  29,  one  nymph  just  molted  reattached  8  mm.  from  original  point. 
"May  29,  two  nymphs  just  molted  reattaclied  2  mm.  from  original  point. 
May  29,  four  nymphs  just  molted  reattached  4  mm.  from  original  point. 
May  30,  two  nymphs  just  molted  reattached  2  mm.  from  original  point. 
May  30,  six  nymphs  just  molted  reattached  4  mm.  from  original  jx)int. 
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CHANGE   OF   LOCATION   AFTER   SECOND   MOLT. 

On  July  18,  1907,  a  cow  was  infested  with  larvae.  August  7,  all 
the  nymphs  had  molted.  No  females  could  be  found  that  had  wan- 
dered any  great  distance.  In  many  instances,  however,  females 
were  found  located  a  fraction  of  a  millimeter  to  1  mm.  posterior 
and  several  millimeters  to  one  side  of  the  place  where  previously 
attached. 

In  the  case  of  a  cow  infested  August  17,  1907,  on  September  4  a 
newly  molted  female  was  observed  attached  3  mm.  to  one  side  of  its 
nymphal  skin. 

In  the  case  of  a  cow  infested  November  19,  an  unattached  newlv 
molted  female  was  observed  December  19.  She  was  in  the  hair  just 
above  a  male  which  was  attached  beneath  a  nymphal  skin.  On 
December  20  the  female  was  found  attached  near  the  male. 

EABLY  DISTINGinSHINa  OF  FEMALE  NYMPHS  BY  MALES. 

Some  interesting  observations  were  made  which  show  how  early 
the  male  tick  may  distinguish  a  nymph  as  a  female  and  locate  beneath 
it.  On  November  19,  1907,  a  cow  was  infested  with  larv8B.  Novem- 
ber 28,  three  males  belonging  to  a  previous  infestation  were  found  on 
the  right  side  of  the  dewlap,  and  on  November  29  and  December  2 
two  more  were  found,  making  five  in  all.  On  the  latter  date  two  of 
them  were  located  beneath  nymphs,  and  on  December  3  and  4  two  more 
located  themselves  beneath  nymphs.  December  5  the  first  male 
nymphs  of  the  new  infestation  molted.  They  were  located  on  the 
posterior  part  of  the  body.  December  6  the  male  of  the  previous  in- 
festation that  had  not  sought  a  nymph  had  disappeared  and  a  male 
was  found  beneath  a  nymph  on  the  opposite  side  of  the  dewlap. 
This  was  very  Ukely  the  male  of  the  previous  infestation  which  had 
disappeared  from  its  former  location,  as  none  of  the  nymphs  of  the 
new  infestation  had  molted  on  this  region  of  the  body.  The  nymphs 
selected  by  the  five  males  molted  from  December  9  to  16  and  proved 
to  be  females.  As  observed  in  this  case,  therefore,  female  nymphs 
were  sought  out  by  males  13  to  17  days  after  the  former  had  been 
placed  on  a  cow  as  larvae,  and  3  to  7  days  or  more  before  they  molted 
the  second  time. 

EXPERIMENTS  IN  TBANSFEKKING  TICKS  ON  CATTLE. 

The  following  experiments  were  undertaken  for  the  purpose  of 
determining  whether  ticks  which  have  accidentally  dropped  to  the 
ground  after  molting  or  have  been  dislodged  in  some  maimer  will 
reattach  and  develop,  provided  they  reach  a  host.  Ransom  "  (1906) 
showed  that  ticks  removed  shortlv  after  the  first  and  second  molt, 
or  just  previous  to  the  second  molt,  and  permitted  to  molt  in  tho 
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laboratory  will  reattach  themselves.  Hunter  and  Hooker"  (1907), 
after  repeated  attempts,  succeeded  in  getting  two  ticks  to  reattach 
One  was  a  female  one-half  engorged  and  the  other  an  adult  which 
molted  in  the  laboratory.  The  former  remained  attached  six  days 
and  then  released  its  hold,  although  not  fully  engorged.  It  deposited 
several  hundred  eggs,  which  failed  to  hatch.  The  failure  to  hatch  was 
not  attributed  to  the  reattachment  of  the  tick'. 

Experiment  No.  1. — December  7,  1907,  a  female  recently  molted  was  removed  and 
placed  on  the  dewlap.  December  8,  female  had  taken  hold.  December  13,  female 
was  still  present.    No  further  record. 

Experiment  No.  2. — December  8,  a  recently  molted  female  was  removed  and  placed 
on  the  outside  of  the  left  ear.    December  9,  tick  had  disappeared. 

Experiment  No.  S. — December  9,  a  female  was  removed  and  placed  on  the  median 
line  between  the  shoulders.  December  10,  female  had  taken  hold.  A  male  was  placed 
with  it.  December  11,  male  had  disappeared.  December  13,  a  male  had  located 
beneath  the  female.  December  14,  male  had  disappeared.  December  17,  female  was 
shriveled. 

Experiment  No.  4. — December  14,  removed  a  female  one-sixth  grown  and  placed  it 
on  the  median  line  between  the  shoulders.    December  15,  female  had  disappeared. 

Experiment  No.  5. — January  22,  1908,  removed  four  females  recently  molted  and 
placed  them  on  the  escutcheon  of  a  cow  free  from  ticks.  January  23,  two  of  the  ticks 
had  attached  themselves.  The  others  had  disappeared.  January  25,  one  tick  had 
disappeared.  February'  14,  the  remaining  tick  dropped  from  host,  but  died  without 
depositing  eggs. 

Experiment  No.  6. — January  24,  transferred  two  young  females  to  a  new  host. 
January  25,  ticks  had  disappeared. 

Experiment  No.  7. — ^January  27,  transferred  three  females  just  molted  to  a  cow. 
They  were  removed  as  nymphs  January  25  and  molted  January  27.  They  were  placed 
on  the  escutcheon  and  in  about  half  an  hour  had  apparently  attached  themselves. 
January  28,  ticks  had  disappeared. 

Experiment  No.  8. — January  30,  placed  a  female  just  molted  on  a  cow.  Female  was 
removed  as  a  nymph  January  25  and  kept  in  the  laboratory.  Molted  January  30. 
January  31,  tick  still  present.    February  2,  tick  had  disappeared. 

Experiment  No.  9. — February  23,  placed  a  female,  which  molted  in  the  laboratory 
February  22,  on  the  escutcheon  of  a  tick-free  cow.  February  24,  female  had  dia- 
appeared. 

Experiment  No.  10. — February  26,  placed  two  females,  which  molted  in  the  labora- 
tory February  24  and  25,  on  the  escutcheon  of  a  cow.  At  the  end  of  30  minutes  they 
had  apparently  attached  themselves.    February  27,  ticks  had  disappeared. 

Experiment  No.  11. — March  2,  a  female  which  was  removed  February  24  and  molted 
in  the  laboratory  March  1  was  placed  on  a  cow.  At  the  end  of  three  hours  it  was 
observed  attached  to  the  udder.    March  4,  tick  had  disappeared. 

Experiment  No.  12. — March  5,  placed  two  females  on  the  dewlap  of  a  cow.  They 
were  removed  as  nymphs  on  February  24  and  March  2  and  molted  in  the  laboratory 
March  5.    March  6,  ticks  had  disappeared. 

Experiment  No.  13. — March  7,  placed  two  females  on  the  escutcheon  of  a  cow. 
They  had  been  removed  as  nymphs  March  2  and  4  and  molted  March  7.  March  8, 
ticks  had  disappeared. 

Experiment  No.  14- — March  9,  placed  a  female,  which  was  removed  as  a  nymph 
March  2  and  molted  March  8,  on  the  left  shoulder  of  a  cow.  March  10,  tick  had  dis- 
appeared. 
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Experiment  No.  15. — ^March  18,  placed  three  females  on  the  flaok  of  a  cow.  They 
had  been  removed  as  nymphs  March  17  and  molted  March  18.  They  had  disappeared 
half  an  hour  later,  apparently  having  been  licked  off. 

Experiment  No.  16. — March  19,  three  females,  collected  as  nymphs  M%rch  17  and 
molted  March  19,  were  placed  on  the  neck  of  a  cow.  March  20,  pne  tick  was  attached 
to  the  shoulder,  one  to  the  dewlap,  and  the  other  had  disappeared .  March  21,  the  tick 
on  the  shoulder  had  disappeared.  March  29,  tick  was  about  one-third  engorged. 
April  1,  tick  was  dead. 

Experiment  No.  17. — March  26,  placed  a  female,  which  was  collected  as  a  nymph 
March  17  and  molted  March  26,  on  the  neck  of  a  cow.  The  tick  disappeared  the  same 
day. 

Experiment  No.  18. — April  1,  two  females,  which  were  collected  as  nymphs  March 
17  and  molted  March  31  and  April  1,  were  placed  on  the  neck  of  a  cow.  April  2,  ticks 
had  disappeared. 

Experiment  No.  19. — April  2,  placed  a  female,  which  was  collected  as  a  nymph  from  a 
horse  and  molted  April  2,  on  neck  of  a  cow.  April  4,  tick  was  present.  April  5,  tick 
had  disappeared. 

In  the  above  experiments  32  ticks,  shortly  after  the  second  molt, 
were  applied  with  special  care.  Twenty-four  of  them  disappeared 
either  on  the  same  or  the  following  day  and  8  remained  attached  for 
periods  ranging  from  2  to  23  days.  The  one  that  was  attached  for 
23  days  (Experiment  No.  5)  became  nearly  engorged  and  dropped, 
but  failed  to  deposit  eggs.  None  of  the  remainder  approached 
engorgement.  Two  of  them  died  attached  to  the  host,  while  the  rest 
simply  dropped  off. 

Unfortunately  no  tests  were  made  with  ticks  in  the  stage  just  after 
the  first  molt.  It  seems  likely  that  ticks  in  this  stage,  on  account  of 
their  smaller  size,  would  attach  themselves  with  much  greater  facility 
and  develop  to  maturity  more  frequently  than  do  adult  females. 
A  female  one-sixth  grown,  mentioned  in  Experiment  No.  4,  failed  to 
attach. 

In  addition  to  this  test,  on  April  13,  1908,  five  females,  which  had 
just  been  collected  from  a  horse,  ranging  in  size  from  just  after  the 
second  molt  to  one-sixth  grown,  were  placed  on  a  cow,  but  none  of 
them  became  attached. 

EXPEBIMBNTS  ON  BEABINO  UNFERTILIZED  FEMALES. 

It  is  next  to  impossible  to  arrange  an  experiment  for  rearing 
unfertilized  females  that  entirely  excludes  the  possibiUty  of  error. 
Perhaps  the  most  reliable  method  would  be  to  obtain  an  animal  free 
of  all  ticks  and  infest  it  with  females  that  have  molted  in  the 
laboratory.  Unfortunately  all  the  experiments  described  in  the 
preceding  section  to  rear  females  to  engorgement  by  tliis  method  were 
unsuccessful  except  in  the  case  of  one  female  transferred  to  a  new  host 
shortly  after  molting  (see  Experiment  No.  5,  p.  28),  wluch,  however, 
failed  to  deposit  eggs.  In  some  additional  work  attempted  along 
this  line  a  different  method  was  used.     An  animal  free  of  ticks  was 
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infested  with  a  small  number  of  larvae.  The  male  nymphs  were 
removed  as  soon  as  the  sexes  could  be  distinguished.  The  animal 
was  examined  twice  a  day,  but  in  spite  of  the  greatest  care  some  males 
escaped  and  were  occasionally  found  beneath  females.  In  such  cases 
both  were  removed  and  destroyed.  The  females  kept  under  obser- 
vation were  examined  as  a  rule  both  morning  and  evening.  It  can 
not  definitely  be  asserted  that  they  were  unfertiUzed,  since  the  method 
used  did  not  exclude  this  possibility,  but  at  no  time  were  males  found 
beneath  them.  The  results,  w^liile  they  prove  notliing  with  regard 
to  undoubtedly  unfertilized  females,  show  at  least  two  interesting 
things  which  will  be  mentioned  below. 

April  19,  1908,  a  cow  was  infested  with  larvae.  About  one  hundred  were  placed  on 
the  right  side  of  the  neck  and  the  same  number  on  the  inside  of  the  left  thigh .  All  the 
nymphs  that,  so  far  as  could  be  judged,  were  males  were  removed  as  soon  as  possible. 
On  May  12  a  female  with  a  male  beneath  her  was  removed.  Both  were  destroyed. 
May  22  a  female  dropped.  It  was  not  as  large  as  an  ordinary  engorged  female. 
Lengths  mm.,  width  5  mm.,  very  thin  in  the  dorso-ventral  axis,  color  yellow.  This 
tick  began  to  oviposit  May  27,  The  eggs  developed  white  spots  but  failed  to  hatch. 
On  May  24  one  female  dropped  but  could  not  be  found.  On  May  26  another  female 
dropped  and  was  lost.    No  more  ticks  were  collected  from  this  animal. 

A  cow  was  infested  May  27.  Larvee  were  placed  on  the  escutcheon  and  right  side 
of  neck.    Male  nymphs  were  removed  as  soon  as  possible  but  some  males  escaped . 

June  20,  removed  a  fully  engorged  female  beneath  which  a  male  was  never  seen. 
Oviposition  began  June  24.    Eggs  hatched. 

June  22,  removed  a  fully  engorged  female  beneath  which  a  male  was  never  seen. 
Oviposition  began  June  24.    Eggs  hatched. 

June  26,  a  fully  engorged  female  dropped.  A  male  was  never  observed  with  it. 
Oviposition  began  June  29  and  eggs  hatched. 

June  26-27,  night,  a  female  nearly  engorged  dropped.  A  male  was  never  noticed 
with  her.    Oviposition  began  June  29  and  the  eggs  hatched . 

June  29,  removed  two  females  nearly  engorged;  males  were  never  seen  with  them. 
Both  oviposited  and  though  the  white  urinary  vesicle  appeared  in  the  eggs  not  more 
than  half  a  dozen  hatched. 

July  18,  removed  a  female  two-thirds  engorged.    Eggs  did  not  hatch. 

July  24,  removed  the  last  two  females.  They  were  not  fully  engorged  and  had 
grown  very  slowly.  One  died  without  ovipositing  and  the  other  laid  a  normal  number 
of  eggs  but  these  failed  to  hatch. 

From  the  above  observations  it  can  be  concluded  that  females 
which  at  least  have  not  had  males  with  them  for  any  length  of  time 
(and  possibly  not  at  all)  will  as  a  rule  deposit  a  normal  number  of 
viable  eggs.  It  should  be  mentioned  that  Morgan  ^^  (1899,  p.  129) 
records  observations  on  a  presumably  unfertilized  female  which  laid 
viable  eggs.  Another  thing  indicated  is  that  the  parasitic  period 
may  be  prolonged  by  excluding  males,  and  in  consequence  of  this 
the  period  that  an  animal  remains  infested  is  increased.  In  the  case 
of  the  animal  infested  May  27,  tlie  duration  of  the  infestation  was  58 
days  or  about  one  and  a  half  times  as  long  as  occurred  in  the  case  of 
a  cow  infested  May  23  of  the  same  year.     That  the  adult  period  is  not 
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always  prolonged,  however,  is  indicated  by  the  experiment  with  a 
newly  molted  female  that  was  transferred  to  an  animal  January  22 
and  dropped  February  14,  after  an  adult  period  of  23  days  (Experi- 
ment No.  5,  p.  28).  This  comes  within  the  range  (8  to  33  days)  of 
the  adult  period  obtained  at  about  the  same  time  on  another  animal 
(Table  2,  Appendix).  The  tick  obtained  from  the  cow  infested  April 
19  remained  on  the  cow  33  days  and  the  one  that  dropped  May  26, 
37  days,  which  is  5  days  and  1  day  less,  respectively,  than  the  dura- 
tion of  an  infestation  of  another  animal  made  April  4. 

THB  OCCTJBBENCE   OF  DEAD  TICKS  ON*  CATTLE. 

Dead  ticks  are  frequently  found  attache<l  to  cattle.  In  some 
instances,  especially  in  the  case  of  partially  or  fully  engorged  females, 
they  have  clearly  been  crushed  by  the  host  rubbing  or  coming  in 
contact  with 'fences,  buildings,  etc.  In  many  instances,  however, 
dead  ticks  are  found  that  have  not  been  injured  in  tliis  manner,  and  a 
microscopical  examination  of  a  number  of  such  ticks  failed  to  reveal 
a  fungus  or  anything  that  might  have  caused  death. 

In  observations  made  from  November  6,  1907,  to  March  26,  1908, 
on  animals  used  in  the  life-history  studies,  dead  nymplis  were  noticed 
most  frequently,  females  next,  and  only  one  male  and  one  larva  were 
found  dead.  The  dead  ticks  did  not  occur  uniformly  over  the  entire 
body.  The  greater  number  were  found  on  the  neck  and  shoulders, 
and  then  in  the  order  named,  on  the  tail,  dewlap,  vulva,  and  flank. 

The  following  is  a  record  of  dead  ticks  found  on  cattle: 

November  6, 1907,  one  nymph  on  tail.  November  10,  one  nymph  on  tail.  Decem- 
ber 6,  one  nymph  on  side  of  neck.  December  14,  one  nymph  on  side  of  neck.  De- 
cember 30,  one  nymph  on  dewlap.  February  1,  1908,  one  nymph  near  vulva.  Feb- 
ruary 14,  one  nymph  on  neck.  Februarj'  20,  female  one-sixth  grown,  on  shoulder. 
February  21,  three  nymphs  on  neck.  February  22,  one  female  on  neck.  February  23, 
two  nymphs  on  neck.  February  26,  female,  nearly  grown,  at  root  of  tail.  February 
27,  two  nymphs  on  neck.  March  5,  one  larva  on  shoulder.  March  17,  one  nymph  on 
neck,  ^iarch  19,  one  nymph  on  shoulder.  March  19,  one  male  on  neck.  March  24, 
one  nymph  on  dewlap.  March  25,  a  female  attached  near  the  edge  of  a  pustule  on  the 
right  flank.  March  26,  female  about  one-third  down  on  tail.  She  had  a  male  beneath 
her. 

HOST  RELATIONS  OF  THE   CATTLE  TICK. 

Ixodes  annulat%L8  (=  M.  annulaius)  was  first  reported  by  Say  (1821) 
from  a  deer  {Cervus  virginianus-Cariacus  americanus)  from  east 
Florida.  There  are  specimens  in  the  collection  of  the  zoological 
laboratory  of  this  bureau  collected  from  a  deer  in  Santa  Barbara 
County,  Cal.,  and  at  San  Simeon,  San  Luis  Obispo  County,  Cal. 
Besides  cattle,  this  tick  occurs  f  retjuently  on  horses  and  mules  running 
on  infested  pastures.  Hunter"  (1907)  reports  the  tick  on  sheep  {Ovis 
aries)  in  Jackson,  Calhoun,  and  Victoria  Counties,  Tex.  During  the 
summer  and  fall  of  1907,  in  the  course  of  the  work  upon  which  the 
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present  paper  is  based  the  cattle  tick  was  collected  from  sheep  at 
the  Alabama  Experiment  Station,  Auburn,  and  also  in  Wilcox  County, 
Ala.  There  are  specimens  in  the  zoological  laboratory  of  this  bureau 
from  a  goat  (Capra  hircus)  collected  in  Elmore  County,  Ala. 

Ransom  *^  (1906)  in  an  account  of  an  experimental  infestation  of 
a  cat  reports  ticks  present  in  the  larval  and  njrmphal  stage.  Only 
one  nymph  molted — a  female  that  never  became  engorged.  Males 
and  females  that  molted  in  the  laboratory  attached  themselves  to 
a  tame  rabbit,  but  the  females  failed  to  develop  further.  Din- 
widdie"  (1908)  reared  experimentally  the  cattle  tick  on  a  dog.  The 
females  failed  to  reach  the  usual  size  but  deposited  viable  eggs. 

In  the  course  of  the  investigations  reported  in  the  present  paper 
larvae  were  applied  to  the  rabbit,  cat,  dog,  and  sheep. 

INFESTATION    EXPERIMENTS    ON   RABBITS. 

Experiment  No.  1. — A  white  rabbit  was  infested  July  25,  1907,  with  larvse  hatched 
June  28-July  13.  July  26,  one  larva  attached  to  ear;  four  or  five  found  crawling 
about  through  the  hair.  July  27,  five  larvae  found  attached  to  body  and  ears.  July 
30,  one  of  the  larvae  found  on  ear  continues  to  develop;  one  on  the  body  dead,  ha\'ing 
developed  very  little.  August  1,  one  larva  in  the  act  of  molting.  August  6,  a  nymph 
found  on  ear.  August  12,  nymph  on  ear  still  present,  but  not  developing.  A  male 
nymph  had  molted.    August  17,  no  ticks  could  be  found. 

Experiment  No.  2. — August  19,  1907,  white  rabbit  infested  with  larvse  hatched 
June  2S-July  13.  August  20,  many  larvae  found  attached  to  the  ears.  August  26, 
one  larva  found  on  tip  of  right  ear.  August  29,  one  nymph  found  on  inside  of  the  tip 
of  the  right  ear.  September  4,  nymph  still  present.  September  9  and  16,  no  ticks 
could  be  found. 

Experiment  No.  3. — September  25,  1907,  white  rabbit  infested  with  larvae,  the 
progeny  of  ticks  collected  August  16  from  a  horse.  October  8.  no  ticks  could  be 
found. 

ExperiTnerU  No.  4- — December  12,  1907,  placed  two  females  recently  molted  on 
a  white  rabbit.  The  rabbit  was  also  infested  with  larvae*.  December  13,  no  ticks 
present.  December  14,  placed  two  more  females  recently  molted  on  the  rabbit. 
December  15,  the  two  transplanted  females  have  disappeared.  December  19,  30, 
and  January  17,  1908,  no  ticks  present. 

ExperiTrurd  No.  5. — January  20,  1908,  a  black  and  white  rabbit  infested  with  larvae. 
Examinations  made  January  22,  30,  and  February  11  revealed  no  ticks. 

Experiment  No.  6. — March  2,  1908,  a  black  and  white  rabbit  infested  with  larvse. 
March  4,  three  dead  larvae  on  the  ears — two  attached  and  one  in  the  hair.  Two  live 
larvae  seen  crawling  over  the  hair  of  the  head  and  face.  March  13,  two  dead  larvae 
noted.     Neither  showed  any  development.    March  27,  no  ticks  present. 

Expervnent  No.  7. — June  18,  1908,  white  rabbit  infested  with  larvae.  July*  2,  four 
nymphs  and  a  female  just  molted  located  on  the  ears.  July  6,  female  had  disappeared. 
All  the  nymphs  were  dead. 

Experiment  No.  8. — June  18,  1908,  a  white  and  gray  rabbit  was  infested  with  larvae. 
July  11,  three  dead  nymphs  were  found  on  ears,  one  in  stage  of  molting.  A  nymphal 
skin  was  attached  to  the  right  ear,  but  the  tick  that  had  issued  from  it  could  not  be 
found. 

It  is  evident  from  the  above  experiments  that  the  rabbit  is  not 
an  appropriate  host  for  the  cattle  tick.     Out  of  a  large  number  of 
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larvae  placed  on  each  rabbit  none  in  some  cases,  in  others  compara- 
tively few,  attached  themselves.  It  also  appears  that  adults  either 
resulting  from  nymphs  dislodged  from  cattle,  or  themselves  dislodged 
from  cattle,  would  not  be  likely  to  attach  to  a  rabbit  in  case  an 
opportunity  were  presented. 

Larvse,  nymphs,  and  adults  (males  and  females)  were  reared  on 
rabbits,  but  in  no  case  did  females  develop  beyond  the  second  molt. 
The  blood  of  the  rabbit,  or  something  else  peculiar  to  the  animal, 
is  unfavorable  to  the  tick.  This  is  evidenced  by  the  fact  that  manv 
of  the  larvae  and  nymphs  die  without  reaching  the  point  of  molting. 
It  seems  possible,  however,  that  in  rare  cases  females  might  attain 
partial  or  complete  engorgement  on  rabbits,  but  the  chances  against 
the  tick  on  the  rabbit  are  so  great  that  such  a  possibility  seems 
negligible  for  all  practical  puf'poses. 

In  the  above  experiments  only  tame  rabbits  were  used.  An 
attempt  was  made  to  raise  a  wild  rabbit  in  captivity  for  use  in  the 
experiments,  but  this  was  unsuccessful.  A  number  of  wild  rabbits 
obtained  in  the  vicinity  of  Auburn,  Ala.,  and  in  Wilcox  County^ 
Ala.,  were  examined  for  cattle  ticks  with  negative  results.**  Farmers 
and  stockmen  in  the  South  frequently  state  that  they  have  found 
cattle  ticks  on  wild  rabbits,  but  observation  and  experiment  tend 
to  show  that  these  must  be  other  species  of  ticks,  probably  most 
commonly  Hserriaphysalis  leporis-palvMris. 

INFESTATION    EXPERIMENTS   ON   A   CAT. 

Experiment  No.  9. — July  24,  1907,  a  kitten  was  infested  with  larvae  hatched  June 
28-July  13.  July  26,  one  larva  was  found  attached  to  the  inside  of  thigh.  July  26, 
larva  on  thigh  still  present  and  another  located  on  left  ear.  July  29,  larvae  still  present. 
July  31,  larva  on  thigh  molted.  August  6,  nymph  still  present.  August  10,  nymph 
disappeared.     August  17,  no  ticks  found. 

Experiment  No.  10. — August  19,  kitten  infested  with  larvae  hatched  June  28-July  13. 
August  20,  a  few  larvae  attached  to  the  ears  and  abdomen.  Examinations  on  August 
26,  30,  and  September  4  revealed  no  ticks. 

Experiment  No.  11. — A  third  infestation  of  the  kitten  was  made  December  12  without 
result. 

It  appears  so  far  as  the  above  experiments  go  that  the  cat  is  even 
a  less  favorable  host  than  the  rabbit. 

INFESTATION    EXPERIMENT   ON    A    DOG. 

Experiment  No.  12. — A  dog  was  infested  August  30,  .1907,  without  result. 

INFESTATION    EXPERIMENTS   ON   SHEEP. 

Seven  attempts  were  made  at  various  times  to  infest  sheep  with  the 
tick,  and  six  of  these  were  unsuccessful.  In  the  case  of  one  of  the 
unsuccessful  attempts,  made  May  15, 1908,  the  animal  was  shorn  on 


a  In  July,  1910, 20  cottontails  and  6  Jack  rabbits  were  shot  on  the  Rinoon  Ranch,  Gregory,  Tex.,  and 
examined  for  cattle  ticks,  with  negative  results.  The  rabbit  tick  (Ilxmaphysalia  leporis-palustrit)  was 
found  on  both  Jacks  and  cottontails,  but  was  much  more  abundant  on  the  former. 


34  BIOLOGY   OF  THE   TEXAS-FEVEB  TICK. 

the  previous  day  to  allow  the  larvae  to  reach  the  skin  with  greater  ease. 
In  another,  made  September  25,  the  progeny  of  females  matured  on  a 
horse  were  used. 

The  record  of  the  one  infestation  that  was  partially  successful  is  as 
follows: 

July  24,  1907,  a  sheep  was  infested  with  larvae  hatched  June  28-July  13.  July  27, 
several  larvae  were  attached  to  the  ventral  surface  of  the  body..  August  10,  one  female 
tick  a  little  over  one-fourth  grown  was  located  on  theioutside  of  the  left  ear.  August  12, 
tick  had  disappeared.  There  was  a  bloodstain  where  the  tick  had  been  attached,  sug- 
gesting that  it  may  have  been  crushed.  • 

In  two  of  the  negative  experiments  dead  larv»  were  found  in  the 
wool  and  also  attached  to  the  skin.  At  each  infestation  thousands  of 
larvsB  were  applied,  and,  in  most  cases,  to  all  parts  of  the  body.  The 
very  small  number  of  larvae  that  attached  themselves  indicates  that 
sheep  are  not  favorable  hosts  for  the  tick.  The  presence  of  dead 
larv©  seems  to  indicate  that  there  are  conditions  on  the  surface  of  the 
body  or  substances  in  the  skin  and  blood  unfavorable  to  the  tick. 

THE    NATURAL  OCCURRENCE   OF  THE   CATTLE  TICK   ON   SHEEP. 

In  order  to  determine  to  what  extent,  under  natural  conditions, 
sheep  serve  as  hosts  for  the  cattle  tick,  some  field  experiments  were 
carried  out,  and  in  addition  to  this  a  considerable  number  of  sheep 
running  on  infested  pastures  were  inspected. 

In  one  of  the  field  experiments  six  native  sheep  were  allowed  to  nm 
with  two  cattle  on  an  infested  pasture  containing  about  4  acres,  from 
July  18,  1907,  to  November  6  of  the  same  year.  No  ticks  were  found 
at  any  time  on  the  sheep,  although  the  two  cattle  carried  a  moderate 
infestation  until  shortly  before  the  close  of  the  experiment,  when  the 
weather  had  become  cool. 

In  a  second  experiment  six  native  sheep  were  allowed  to  run  alone 
on  an  infested  pasture  similar  to  the  above  from  July  18  to  November 
26,  1907.  A  ram  and  ewe  were  carefully  examined  on  September  7. 
The  ewe  was  free  of  ticks  and  the  ram  had  six  ticks,  as  follows:  One 
engorged  female,  two  males,  and  a  dead  female  shortly  after  the  sec- 
ond molt,  on  the  neck,  one  female  about  one-eighth  grown  on  the 
outside  of  the  upper  portion  of  one  fore  leg,  and  another  female  one- 
sixth  growTi  on  the  abdomen  where  hair  was  present.  The  engorged 
female  was  unattached,  but  entangled  in  the  wool  in  such  a  manner 
that  it  could  not  drop  from  the  host.  It  had  been  in  this  condition 
for  several  days,  as  it  had  begun  to  oviposit.  All  of  the  sheep  were 
examined  with  great  care  on  November  26,  when  the  experiment  was 
closed,  and  were  found  free  of  ticks. 

Through  the  kindness  of  Pr6f.  D.  T.  Gray  it  was  possible  to  inspect 
sheep  for  cattle  ticks  at  the  experiment  station  at  Auburn.  The 
sheep  were  rurming  on  an  infested  pasture,  mostly  woodland,  along 
with  a  few  cattle. 
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On  September  26, 1907,  five  sheep  were  subjected  to  a  hand  inspec- 
tion and  two  were  found  infested.  A  native  ewe  had  a  female  tick 
on  its  ear;  and  a  Dorset  ram  carried  a  number  of  males,  females,  and 
one  nymph.  Some  of  the  males  were  dead.  They  were  unattached 
and  located  in  the  wool.  One  female  just  after  the  second  molt  had 
a  male  beneath  her.  The  largest  female  collected  was  possibly  a  little 
more  than  one-sixth  grown.  Most  of  the  ticks  were  located  on  hairy 
parts  of  the  body,  especially  the  legs.  On  one  native  ewe  two  dead 
■  larveB  were  found. 

On  October  3, 12  native  ewes  and  the  Dorset  ram  in  the  above  flock 
were  inspected.  The  ewes  were  free  (one  harbored  a  dead  larva)  and 
the  Dorset  ram  harbored  two  males.  The  skin  of  7  of  the  ewes 
WAS  oily,  that  of  the  other  5  was  moderately  oily,  and  that .  of  the 
Dorset  ram  was  not  oily.  On  October  12  the  ram  was  inspected 
again.  The  wool  and  skin  were  very  free  from  oil.  Ticks  were  found 
as  follows:  Two  females  one-third  and  one-sixth  growoi  with  males 
beneath  them  on  one  hin<l  leg  a  short  distance  above  the  hoof;  a  fe- 
male just  after  the  second  molt  on  the  posterior  surface  of  the  thigh 
wath  a  male  situated  some  httle  distance  below  it;  a  female  one- 
fourth  grown  with  a  male,  located  on  the  scrotum;  and  a  dead  male  in 
the  wool.  On  October  14  one  of  the  females  on  the  leg  and  the  one  on 
the  scrotum  had  become  nearly  engorged  and  were  removed.  The 
former  was  crushed  in  removing.  On  October  16  another  female 
nearly  engorged  was  removed  from  the  hind  leg.  Both  of  the  uninjured 
ticks  laid  viable  eggs. 

On  November  12  to  13,  1907,  36  sheep,  principally  grade  South- 
dcnvns,  in  Wilcox  County,  Ala.,  were  subjected  to  a  careful  hand 
inspection.  These  sheep  had  been  running  continuoush'  during  the 
summer  and  fall  with  240  head  of  cattle  that  were  grossly  infested 
\nth  ticks  prior  to  October  24,  when  they  had  been  dipped.  All  the 
sheep  were  in  high,  flesh.  All  but  one  of  them  were  free  from  ticks. 
Thirteen  of  the  sheep  had  wool  that  was  not  oily;  14  had  moderate^ 
oilv  wool;  and  8  had  oilv  wool.  The  one  infested,  a  ram  with 
moderately  oily  wool,  had  a  female  tick  one-half  grown  on  the  hairy 
portion  of  the  scrotum. 

On  November  14  to  18  a  flock  of  125  sheep  in  the  same  locality  was 
inspected.  They  had  been  running  continuously  during  the  summer 
and  fall  in  a  pasture  of  several  hundred  acres  wth  over  200  cattle 
which,  at  the  time  of  the  inspection,  were  grossly  infested  yA\\\  ticks. 
Three  sheep,  or  about  2  per  cent  of  the  entire  flock,  were  found  in- 
fested with  live  ticks.  Dead  ticks  alone  were  found  on  31  sheep,  or 
25  per  cent  of  the  flock.  Rams  were  the  hosts  for  the  live  ticks  in  all 
three  cases,  and  in  the  case  of  two  of  them  the  ticks  were  attached  to 
the  scrotum.  One  ram  had  two  ticks,  a  female  just  after  the  second 
molt  and  another  one-third  engorged;  another  had  but  one  tick,  a 
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female,  newly  molted,  and  the  remaining  one  had  a  half-grown  female 
on  the  hairy  portion  of  the  leg.  The  wool  of  the  first  was  moderately 
oily  and  that  of  the  other  two  not  oily. 

Dead  ticks  were  found  on  32  sheep.  This  includes  one  that  also 
had  live  ticks.  Ticks  in  the  larval  stage  were  found  on  all  these  sheep, 
and  in  addition  one  dead  male  was  present  in  each  of  four  instances. 
The  larv8B  were  attached  to  the  skin  of  the  woolly  regions  of  the  body. 
When  they  were  removed  a  small  scale  of  epidermis  of  the  host  was 
brought  way  with  the  mouth  parts,  indicating  that  the  larvse  had 
actually  taken  hold.  The  males  were  found  unattached  in  the  wool. 
The  condition  of  the  wool  of  the  entire  flock  was  noted  for  the  purpose 
of  determining,  if  possible,  whether  the  amount  of  oil  on  the  wool  plays 
any  part  in  preventing  ticks  attaching  to  sheep.  Eighty-six  sheep,  or 
69  per  cent,  had  wool  not  oily;  38  sheep,  or  30  per  cent,  had  wool 
moderately  oily;  and  1  sheep,  or  about  1  per  cent,  had  oily  wool. 
Twenty-seven  per  cent  of  the  first  class,  29  per  cent  of  the  second 
class,  and  zero  per  cent  of  the  third  class  of  sheep  carried  ticks  either 
dead  or  alive.  From  this  it  would  appear  that  the  relative  amount 
of  oil  on  the  wool  bears  no  important  relation  to  the  presence  of  ticks. 

Summarizing  the  results  of  the  observations  on  the  natural  infesta- 
tion of  sheep,  it  may  be  said  that  live  ticks  were  found  on  the  ears, 
neck,  legs,  abdomen,  and  scrotum.  In  no  case  were  they  present  in 
great  numbers.  Rams  seem  to  be  much  more  favorable  hosts  than 
ewes.  Taking  into  account  all  the  inspections  made,  ticks  were  found 
on  rams  eight  times  and  on  ewes  twice.  In  view  of  the  large  number 
of  ewes  inspected  as  compared  with  the  rams  this  result  can  not  be 
considered  accidental. 

THE  PROGENY  OF  FEMALES  MATURED  ON  SHEEP  NONINFECTIOUS. 

As  previously  stated,  two  of  the  female  ticks  that  matured  on  sheep 
laid  viable  eggs.  One  collected  October  16,  1907,  began  to  lay 
October  23,  1907;  hatching  began  April  9  and  ended  April  17,  1908. 
The  other,  collected  October  14,  1907,  began  to  lay  October  22  and 
hatching  began  April  11,  190S. 

On  May  2,  1908,  the  larvfe  from  the  above  ticks  were  placed  on  a 
northern  cow  (No.  603)  about  10  years  old,  at  the  Bureau  of  Animal 
Industry  Experiment  Station,  Bcthesda,  Md.  Six  hundred  and 
forty-three  females  matured,  but  the  cow  continued  well  e,nd  In 
good  condition,  the  temperature  and  number  of  ervthrocytes  remain- 
ing normal. 

On  July  15,  1908,  the  progeny  of  ticks  collected  from  the  above 
cow.  May  28,  1908,  were  placed  on  two  northern  cattle,  a  bull  (No. 
585)  and  a  heifer  (No.  591),  each  about  1  year  old.  The  temperature 
of  both  animals  remained  normal. 
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On  September  14,  1908,  and  a  number  of  times  thereafter  three 
northern  heifers  (Xos.  582,  583,  584),  each  abotit  IJ  years  old,  were 
infested  with  the  progeny  of  ticks  collected  from  bull  No.  585,  August 
8,  1908,  but  none  of  them  developed  fever. 

The  above  experiments  show  that  the  larvae  were  noninfectious, 
but  it  is  not  known,  of  course,  whether  the  two  females  of  which 
.  they  were  the  progeny  belonged  to  an  infectious  brood,  and  further- 
more, if  this  were  the  case,  it  could  not  be  known  whether  the  two 
females  were  infectious  or  not  in  their  larval  state,  since  it  is  fair  to 
assume  that  only  a  certain  per  cent  of  the  progeny  of  infectious  ticks 
are  infectious.  Since,  however,  the  particular  sheep  from  which  they 
were  coUected  ran  on  a  pasture  where  infectious  ticks  undoubtedly 
occurred  and  since  ticks  had  been  observed  on  this  sheep  a  number  of 
times,  the  chances  are,  if  the  Texas-fever  parasite  could  survive  in  the 
blood  of  sheep,  the  blood  of  this  one  would  have  been  infectious  and 
at  least  some  of  the  progeny  of  the  two  females  would  have  proved 
infectious. 

MAN   AS   A  HOST   OF  THE   TICK. 

So  far  as  known  the  cattle  tick  in  its  larval  stage  does  not  attack 
man.  Persons  handling  these  larvsB  in  the  laboratory  and  passing 
through  fields  infested  with  only  cattle  ticks  are  not  attacked.  Ran- 
som "  (1906)  reports  two  experimental  and  one  accidental  attachment 
of  adults  that  molted  in  the  laboratory.  Below  are  records  of  the 
attachment  of  ticks  to  man,  obtained  in  the  course  of  the  present 
investigations. 

On  June  18,  1907,  11.30  a.  m.,  a  female  specimen  of  Margaropus 
annuUUus  about  one-third  engorged  was  placed  on  the  calf  of  the  leg. 
Shortly  after  noon  it  attached  itself.  It  was  removed  June  19,  2.45 
p.  m.,  having  drawn  blood  for  more  than  24  hours.  At  this  time  it 
had  attained  two-thirds  of  the  usual  size  of  an  engorged  tick.  The 
place  where  it  was  attached  became  highly  inflamed,  acquiring  a 
purplish  color. 

On  August  13,  1907,  a  female  that  had  molted  in  the  laboratory 
on  August  7  was  placed  on  the  thigh.  The  tick  attached  itself,  but 
thereafter  changed  its  location  many  times.  It  was  present  for 
several  days  and  then  disappeared. 

On  August  27  a  nymph,  shortly  after  the  first  molt,  was  placed  on  the 
arm.  It  attached  itself  and  remained  so  for  several  hours  and  then 
disappeared,  probably  having  been  dislodged  by  the  clothing. 
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Table  1. — Individual  records  of  ticks  used  m  experifMnts. 


Num- 
ber of 
tick. 


Date  col- 
lected. 


1 

2 

3 

1 

1   1907 
June  1 

...do 

...do 

4 

...do 

5 

...do 

6a... 
7a... 

8 

9 

10 

...do 

...do 

July  1 

...do 

...do 

11 

12 

13a.... 

...do 

...do.  .. 
. .  .do.,.. . 

14a.... 

15 

16 

17 

18 

19 

20a... 
21a.... 

22 

23 

24 

25 

...do 

Aug.  1 

...do 

'-do 

...do 

...do 

...do.... 
...do 

Aug.  31 

...do 

...do 

...do 

26 

. . .do 

27a... 
28a... 

34 

35 

...do 

...do 

Oct.  1 
..  .do 

36 

37 

...do 

. , .do 

38 

do 

39a... 
40a... 

46 

46 

47 

...do 

...do 

Nov.  1 

...do 

...do 

48 

. .  .do 

49 

. . .do 

50a.... 
61a.... 

...do 

. . .do 

61 

62 

Nov.  30 
...  do 

63 

...do 

64 

. .  .do 

65 

...do.... 

72 

73 

Dec.  29 
. . . do  . . 

74 

...do 

75 

...do 

76 

1908 
Jan.  1 

77 

1907 
Dec.  30 

82 

83 

1908 
Feb.  4 
Feb.  3 

Number 
of  egxs  de- 
posited. 


630 
2,276 

877 
3,095 
1,036 
2,150 
2,614 
3,000 
3,562 
1,863 
3,515 
1,858 
3,820 
2,814 
3.683 
2,972 
2,536 
2,820 
2,700 
lj85l 
2,267 
2,809 
2,699 
2,049 
2,266 
2,262 
39 
2,344 
2,780 
2,942 
2,838 
2,570 
3,383 

960 
2,467 
2,961 
1.936 
2,281 

991 
2,855 
1,985 
1,896 

(0 
3,207 
2,103 
3,023 
357 

(0 
3,180 

4.272 

1,970 


3,173 


(0 


4.276 
3,900 


a  Eggs  were  not  counted, 
larvae  had  died, 
b  Eggs  failed  to  hatch, 
e  Did  not  oviposit. 

40 


Preovi- 
position 
period. 


Dayt, 


7 
7 
7 
6 
7 
9 
6 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
3 


9 
10 
20 
8 
9 
9 


58 
98 
38 
70 


63 
39 

46 


63 


28 
29 


Ovl- 
poeition 
period. 


Days. 

4 
10 

5 
13 

3 

9 
14 
17 
18 

5 
20 

4 
16 
10 
15 
18 
15 
17 
12 
13 
19 
19 
18 
15 
19 
14 

2 
14 
36 
34 
36 
37 
35 
21 
31 
99 
81 
80 
118 
161 
82 
78 


Incu'ja- 
lion  pe- 
riod. 


54 
20 
87 
40 


18 
63 
37 


24 


39 
36 


Day*. 
24  to  32 
24  to  31 

24  to  32 
23  to  31 

25  to  34 
23  to  31 
22  to  33 
20  to  26 
20  to  25 
20  to  27 

19  to  25 

20  to  25 

19  to  25 

20  to  25 
20  to  25 
20  to  24 
20  to  25 

19  to  25 

20  to  27 

20  to  26 

21  to  26 

28  to  54 

29  to  48 

30  to  50 
30  to  66 
29  to  52 


29  to  50 
167  to  182 
170  to  185 
166  to  186 
16910186 
170  to  186 
173  to  188 
165  to  185 
151  to  170 
139  to  158 
118  to  125 
154 
138  to  158 
117tol68 
122  to  169 


57 
5e  to60 
51  to  68 


56  to  66 
48  to  80 


48  to  67 


48  to  65 
45  to  62 


Hatch- 


Days. 

7 
11 

7 

12 
11 
10 
10 
11 
17 

9 
15 

4 
15 

9 

8 
15 
15 
16 
14 
12 
14 
39 
31 
31 
49 
34 

32 
21 
26 
31 
25 
24 
16 
29 
13 
11 
7 
0 
13 
15 
18 


4 
11 
11 


(*) 


14 
25 


(») 


14 


26 
26 


Mini- 
mum 
longev- 
ity. 


Dayt. 

13 

9 

5 

4 

15 

7 

3 

22 

16 

20 

16 

24 

20 

19 

22 

10 

4 

9 

11 

6 

9 

5 

13 

7 

11 

6 


7 

5 

8 

5 

4 

4 

3 

3 

8 

9 

21 

25 

13 

21 

5 


20 
10 

7 


13 
7 


8 


4 
6 


ICazf- 

mum 
longev- 
ity. 


Days. 

60 

46 

52 

48 

54 

65 

65 

82 

62 

85 

75 

56 

67 

79 

160 

187 

152 

170 

192 

144 

192 

224 

204 

196 

219 

234 


Entire 
time. 


Percent 
hatched. 


192 
91 
86 
94 
92 
99 
98 
90 
69 
60 
37 
26 
76 
78 
73 


27 
91 
67 


46 
73 


69 


09 
76 


Days. 

83 

79 

85 

83 

88 

100 

90 

112 

91 

112 

103 

82 

98 

109 

187 

218 

180 

198 

221 

172 

221 

268 

240 

234 

270 

272 


230 
276 
276 
276 
281 
288 
281 
279 
239 
236 
213 
200 
244 
253 
244 


187 
240 
215 


181 
207 


201 


180 
172 


86 
94 
03 
01 
93 
73 
95 
96 
96 
97 
95 
90 
04 
06 
00 
96 
07 
OS 
07 
08 
94 
83 
95 
66 
57 
95 


97 
00 
87 
92 
77 
82 
80 
84 
6 
4 


.09 
.1 


4 

S 

7 


1 

18 
4 


1 
35 


25 


81 
86 


The  unhatched  eggs  and  the  larvae  in  each  tube  were  counted  after  all  the 
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Table  1. — Individual  records  of  ticks  used  in  experimenU — Continued. 


Nmn- 
berof 
Uek. 

DaiftMl- 
lected. 

Number 

oCe|pde- 

poBkfid. 

Preovl- 
positlon 
period. 

Ovl- 
poeition 
jperiod. 

Incuba- 
tlonpe- 

Hatch- 
noa. 

Mini- 
mum 
longev- 
ity. 

Maxi- 
mum 
longev- 
ity. 

Eatlre 
time. 

Percent 
hatched. 

84 

85 

87 

1 

1908 

Feb.     4 

Jan.   30 

...do 

-i 

806 
3,620 
3,725 
3,269 
3,718 
2,302 
2,925 
4,559 
2,680 
2,731 
3,024 
4,035 
8,712 
3.405 
3,622 
3,796 
4,244 
3,966 
3,929 
4,385 
5,106 
3.942 
3,949 
4,035 
3,246 

36 

35 

34 

37 

37 

10 

8 

6 

6 

8 

6 

6 

4 

5 

Days. 
22 
33 

43 
36 
41 
24 
36 
34 
24 
14 
17 
23 
35 
27 
26 
25 
22 
19 
25 
24 
24 
23 
19 
27 
21 
24 
22 
21 
26 
22 

53  to  63 
49  to  63 
48  to  64 
48  to  65 
47  to  65 
47  to  64 
45  to  62 

36  to  53 
43  to  53 

43  to  52 

44  to  53 
39  to  53 

37  to  52 

38  to  51 

39  to  51 
37  to  51 
24  to  36 
26  to  34 

24  to  33 

25  to  36 
24  to  33 
24  to  33 

23  to  33 

24  to  33 

24  to  32 

23  to  33 

25  to  34 

24  to  33 

26  to  34 
24  to  32 

Dqm. 
14 
26 
26 
25 
18 
18 
27 
13 
12 
15 
12 
14 
14 
16 
14 
15 
18 
12 
18 
16 
18 
17 
13 
17 
18 
22 
19 
16 
17 
20 

D*y9. 
6 
7 
2 

21 

12 
11 

13 
10 

10 
10 
11 
19 

77 

86 

81 

59 

64 

94 

80 

90 

96 

101 

101 

97 

92 

89 

88 

103 

113 

89 

118 

116 

116 

105 

93 

128 

79 

92 

96 

91 

94 

108 

186 
176 
156 
156 
102 
143 
140 
155 
161 
159 
155 
146 
144 
144 
156 
152 
128 
156 
156 
154 
145 
133 
173 
122 
131 
138 
131 
131 
149 

39 
65 
72 

88a... 
89a... 

95 

98a.... 
105.... 
106. .. . 

Jan.   29 

...do 

Feb.  27 

Feb.  28 

Mar.  26 

...do 

34 
14 
62 

96 
77 
78 

107 

...do 

66 

108.... 
109 

...do 

...do 

89 
95 

no*.. 
111*.. 

112*.. 
113*.. 
125.... 
12d. ... 

Mar.  29 

...do 

...do 

...do 

92 
92 
97 
98 
96 
83 

127.... 

.  ..do..... 

98 

128.... 
129 

...do 

...do 

96 

84 

130*.. 
131*.. 
132*.. 
133*.. 
134a.. 

...do 

...do 

...do 

...do 

...do 

98 
98 
96 
93 

135  a.. 

...do 

136a.. 

...do 

137a..! 

...do 

138*.-' 

...do 

1 

•  Egga  were  placed  in  test  tubes  directly  on  moist  sand.    No  water  was  added  to  the  sand  after  the  tube 
was  made. 

*  Eggs  were  placed  in  test  tubes  provided  with  two  cardboard  disks.    No  water  was  added  to  the 
sand  after  the  Cube  was  made. 

e  Eggs  were  floated  on  water  in  test  tubes. 
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